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ABSTRACT 
An important measure of the effectiveness of environmental impact assessment (EIA) is the extent to which 
it  achieves  its  goals  for  environmental  protection  and  management.  To  determine  this  requires  an 
examination of environmental outcomes for projects that have undergone EIA. The utility of the pre-decision 
stages of EIA in influencing environmental management outcomes has been well documented by others. It is 
argued that EIA can also play a useful role in providing for ongoing adaptive environmental management. 
A theoretical model of the EIA/environmental management relationship is proposed which identifies three 
stages based on the principal approval decision point; pre-decision, post-decision and transitional; in which 
the influence of EIA may be realised. Consideration was also given to how environmental management 
activities came about based on the influence of rational processes, external pressures and internal reform. A 
methodology for EIA auditing to explore this model is presented. The audit uses a computerised database 
whose  design  reflects  four  distinct  EIA  components:  impact  prediction,  occurrence  of  impacts, 
environmental management activities and environmental monitoring. The database structure enables pre-
decision, post-decision and transitional stage EIA influences on project outcomes to be differentiated. The 
audit methodology is applied to six case studies in Western Australia. During project assessment, strong 
emphasis  was  placed  on  the  need  for  ongoing  monitoring  and  management  programmes.  The 
implementation  of  these  programmes  was  found  to  be  central  to  successful  achievement  of  project  and 
environmental  performance  objectives.  The  results  indicate  that  EIA  practitioners  have  focussed 
environmental management actions on issues of greatest significance. Some predicted impacts were avoided 
by management activities. Most impacts were identified in impact predictions although predictive accuracy 
had  little  bearing  on  environmental  management  response.  Many  impacts  were  responded  to  by  EIA 
managers irrespective of whether they were predicted accurately or even considered in predictions. Most 
significant impacts had ongoing monitoring. Most environmental management activities originated from the 
pre-decision stage of EIA, although the transitional and post-decision stages were also important. There was 
considerable evidence of the influence of external pressures on environmental management outcomes as 
well as rational processes and to a lesser extent internal reforms. Overall, the case studies demonstrate that a 
strong relationship exists between EIA and ongoing environmental management performance in Western 
Australia. 
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CHAPTER 1  INTRODUCTION 
 
1.1  INTRODUCTION 
 
The  focus  of  this  research  is  on  the  relationship  between  environmental  impact  assessment  (EIA)  and 
environmental  management  activities.  Specifically,  this  research  explores  the  relationship  between  the  EIA 
process in Western Australia and the environmental management of six development project case studies. The 
purpose of this chapter is to introduce the research topic and place the study in context. The chapter commences 
with a statement of the research objectives. This is followed by definitions of important terms used throughout 
this research including what is meant by 'EIA' and 'environmental management'. The final section outlines the 
structure and content of the chapters that follow. 
 
 
1.2  RESEARCH OBJECTIVES 
 
The  objective  of  this  research  is  to  understand  better  the  relationship  between  EIA  and  environmental 
management. To do this a number of questions on the EIA/environmental management relationship have been 
posited which this research seeks to address. Two questions are fundamental to the methodological approach 
adopted in this research and the results obtained. 
 
The first fundamental question is reflected in the title of this research as follows: 
 
  'Does EIA influence environmental management activities and outcomes for development projects?' 
 
Assuming  that  EIA  does  have  some  influence  on  environmental  management  activities,  the  second 
fundamental question is aimed at identifying when this occurs. It can be stated as: 
 
  'When does the influence of EIA on environmental management occur?' 
 
These  two  questions  establish  the  focus  of  the  research  and  are  addressed  in  detail  throughout.  A  third 
subsidiary question is aimed at identifying how EIA influences environmental management. It can be stated as: 
 
  'How does the influence of EIA on environmental management come about?' 
 
This question is addressed in an anecdotal fashion only by this research. 
 
The  two  fundamental  research  questions,  and  to  a  lesser  extent  the  third  question,  form  the  basis  of  an 
underlying theme running throughout the remainder of this research. Before describing in more detail how 
these  questions  are  addressed,  it  is  important  to  clarify  what  is  meant  by  some  of  the  key  terms  utilised 
throughout this research. 
 
 
1.3  DEFINITIONS AND TERMINOLOGY 
 
Numerous definitions of EIA can be found in the international literature. (Jain et al. 1977) advocate EIA as a 
process for informing decision-makers of the potential environmental consequences of development proposals. 
A similar view is presented by Wathern (1988a) who states that as a procedure for assessing the environmental 
implications of a decision to implement a proposal, EIA has become a widely accepted tool in environmental 
management. Caldwell (1991) widens the potential role of EIA further by suggesting that EIA is an instrument 
of environmental policy-making.  
 
In this research EIA is considered predominantly in relation to individual development proposals. It is defined 
as a tool aimed at protecting and managing the environment in order to avoid the occurrence of unacceptable 
impacts associated with development proposals. This research focuses on the application of EIA to a number of 
specific development proposals in Western Australia. As such, the definition of EIA adopted in this research is 
largely  a  reflection  of  the  nature  of  the  process  as  it  applies  to  development  proposals  in  this  jurisdiction 
(Appendix 1 contains an overview of current EIA procedures in Western Australia). 
 
EIA varies according to the social and political climate in which it is undertaken (O'Riordan and Sewell 1981). 
While  this  research  is  focussed  upon  the  EIA  process  in  Western  Australia,  use  is  made  of  generic  EIA 
terminology  wherever  possible.  Some  of  this  terminology  is  highlighted  in  the  following  description  of  a 
generic EIA process. 
 
An EIA will typically be required for development proposals, which if implemented, have the potential to 
adversely affect the environment. An EIA report on the development proposal is then required. This document 
is  intended  to  describe  the  proposal  and  the  environment  affected  by  it  and  include  predictions  of  the 
magnitude and significance of the potential impacts. The generic name for this document is an Environmental 
Impact  Statement  (EIS).  The  EIS  may  also  contain  proposed  strategies  to  manage  the  likely  environmental   2 
impacts. This process is often referred to as impact mitigation in the international literature (eg. Savage 1986, 
Railsback et al. 1991, Page and Lee 1992, Norton Miller 1993, Ensminger and McLean 1993, Sands Sr. 1993) 
Throughout  this  research  the  general  term  'environmental  management'  is  utilised.  The  completed  EIS  is 
subjected to a review process which may involve relevant government agencies and the public. A decision on 
the  proposal  is  then  made  based  upon  the  information  contained  in  the  EIS  document  and  the  opinions 
expressed about it during the review process. The EIA decision-makers may establish additional environmental 
management  strategies  for  the  proponent  of  the  proposal  to  engage  in  as  a  condition  of  approval.  Once 
approval  has  been  granted,  the  proposal  may  be  implemented.  Environmental  impacts  occur  during 
implementation and the environmental management strategies proposed in the EIS and by EIA decision-makers 
should be undertaken. Monitoring of the impacts of the proposal including the effectiveness of environmental 
management activities may also be implemented. 
 
There  is  an  extensive  international  literature  on  EIA  which  includes  many  descriptions  of  discrete  EIA 
procedures.  By  relating  this  research  to  a  generic  EIA  process  wherever  possible  and  the  use  of  generic 
terminology, it is intended that the findings may usefully be extrapolated to practice elsewhere.  
 
Formal EIA procedures have been in existence in some jurisdictions for over 25 years. Since its origin in the 
United States, EIA has been adopted widely in many other countries and jurisdictions and an extensive body of 
specialist literature has been published. The nature and scope of the international EIA literature is not reported 
on here. Instead, the published research relevant to understanding the mechanisms and outcomes of EIA has 
been sought. It is intended that by exploring how EIA functions in practice, the relationship between EIA and 
environmental management can be understood. To do this requires analysis of the outcomes of the EIA process. 
This may involve examination of the nature and utility of EIS documents, influence on environmental decision-
making processes, precision and accuracy of impact predictions, impact monitoring results, effectiveness of 
environmental  management  activities  and  environmental  management  performance  outcomes.  A  range  of 
specific terminology can be found in the EIA literature to refer to these types of examinations. This includes: 
  EIA follow-up and evaluation; 
  EIA  auditing  (which  may  include  a  number  of  specific  types  of  audits  such  as  predictive  techniques 
auditing, impact auditing and compliance auditing); and 
  feedback and learning from experience. 
All of these activities have in common the examination of projects that have undergone EIA in order to describe 
and understand how they turned out in practice. The variety of terms referred to here are used indiscriminately 
throughout this research in exploring the relationship between EIA and environmental management. 
 
Another  important  term  to  define  is  'environmental  management'.  For  the  purposes  of  this  research, 
environmental management is defined in reference to real or potential adverse environmental impacts. It refers 
to any activity proposed and/or undertaken in relation to a project that seeks to achieve any of the following 
outcomes: 
  avoid the occurrence of an impact; 
  minimise the initial extent or consequences of an otherwise unavoidable impact that occurs either as a single 
event or otherwise only exists in the short term; 
  minimise the extent or consequences of an ongoing impact (i.e. medium to long term); 
  rectification of impacts that have occurred and have now ceased (includes rehabilitation measures); and 
  initiation of compensation measures to counter-balance the consequences of impacts that have occurred. 
 
Environmental monitoring is addressed as a separate activity in this research. It is defined as any form of 
investigative activity which seeks to determine a project or impact outcome. While environmental monitoring is 
sometimes  undertaken  in  the  absence  of  environmental  management  actions,  it  should  be  noted  that 
environmental  management  and  monitoring  activities  are  often  also  closely  inter-connected.  Monitoring 
outcomes may prompt the design of new management activities or the modification of existing programmes. 
Similarly, monitoring may be initiated in conjunction with environmental management programmes in order to 
provide feedback on the success of these activities. Consequently, much of this research considers the role of 
environmental monitoring alongside discussion of environmental management activities. 
 
The following section outlines the structure and content of this research. In doing so, some additional important 
concepts are introduced. 
 
 
1.4  RESEARCH OVERVIEW 
 
The EIA/environmental management relationship is examined in several ways in this research based on the 
three research questions outlined previously. An important point to consider is whether or not the EIA process 
actually influences environmental management outcomes in the first place (i.e. the first fundamental research 
question). This requires an analysis of the EIA process as it relates to a particular development proposal in 
comparison to the reported environmental outcomes. 
   3 
Assuming  that  EIA  does  influence  environmental  management,  from  this  analysis  it  becomes  possible  to 
determine  at  what  stage  in  the  EIA  process  this  influence  came  about  (i.e.  in  response  to  the  second 
fundamental research question). Three stages of EIA are proposed in this research with respect to the principal 
approval  decision  to  proceed  with  a  development  proposal  as  follows.  The  'pre-decision'  stage  refers  to 
environmental  management  activities  proposed  during  the  period  up  to  and  including  the  point  at  which 
project approval is granted. Most environmental management activities will not be undertaken until the project 
is actually implemented, but the purpose of this definition is to identify the origin of the management proposal 
itself. The 'post-decision' stage refers to environmental management activities proposed and implemented at 
any time after the principal approval decision. The third category of environmental management activities is 
referred to as the 'transitional stage'. Transitional activities are those which occur across both of the previous 
two stages of EIA. They are conceptualised during the pre-decision stage but the details of their design and 
manner  of  implementation  are  determined  during  the  post-decision  stage.  Hence,  the  transitional  stage  is 
characterised by a flexible approach to environmental management activities. 
 
Having defined when the influence of EIA on environmental management might be realised, the next factor to 
consider is how the EIA process actually influenced project and environmental management outcomes (i.e. the 
third research question). This factor is addressed in greater detail in the following discussion. 
 
In  Chapter  2,  a  brief  introduction  to  the  origins  of  EIA  is  presented.  This  is  followed  by  a  review  of  the 
international EIA literature which has sought to understand the mechanisms and outcomes of EIA. Much of this 
literature has focussed on the utility of EIA as a planning and decision-making tool and these are discussed in 
detail. Three important mechanisms or influences that determine how EIA works in practice are identified in 
this discussion. While these three mechanisms were established in the context of the pre-decision stage of EIA, 
in later parts of this research, they are subsequently expanded to cover all stages of the EIA process. These three 
mechanisms for how EIA works in practice revolve around rational processes, external pressures and internal 
reforms. 
 
Rational processes refer to the way in which information is utilised in the EIA process to make decisions. In the 
case  of  this  research  an  additional  consideration  is  the  way  information  is  used  to  devise  and  implement 
environmental  management  strategies.  Rational  processes  are  often  characterised  by  the  use  of  scientific 
principles and/or a rigorous and comprehensive methodological approach to EIA. 
 
External  pressures  are  those  which  originate  from  outside  the  jurisdiction  of  the  proponent  of  a  particular 
project but influence the management of the project. External influences may arise from relevant legislation or 
administrative procedures separate to EIA legislation, legal action, review of EIS documents by government 
agencies and the public during EIA, and more simply from the fear of negative publicity. 
 
Internal  reform  refers  to  the  modification  of  the  internal  operating  policies  and  procedures  of  project 
proponents during the EIA process. Internal reform may be driven by individuals within an organisation who 
have been specifically recruited to implement environmental management measures or who are influenced by 
relevant industry and professional standards or learning arising from increased experience in undertaking EIA. 
 
The literature that has explicitly or implicitly sought to determine how EIA outcomes were influenced by these 
three factors is examined and the major findings are reported. Most attention has been focussed on rational 
processes and in particular the scientific basis and accuracy of impact predictions. Fewer studies have examined 
the influence of external and internal pressures on EIA activities. 
 
The purpose of most studies that have focussed on the planning and decision-making role of EIA has largely 
been to provide feedback for future project planning and decision-making purposes. The latter part of Chapter 
2  considers  studies  that  have  focussed  on  the  post-decision  stages  of  EIA  with  particular  emphasis  on 
evaluating the utility of the process as a tool for ongoing environmental management. Following on from this 
research, a theoretical model of the EIA/environmental management relationship is proposed. This model is 
based  upon  the  three  stages  of  EIA  described  previously;  i.e.  pre-decision,  post-decision  and  transitional 
environmental management activities. Presentation of the theoretical EIA/environmental management model is 
accompanied  by  the  three  research  questions  aimed  at  exploring  the  relationship  between  EIA  and 
environmental  management;  i.e.  whether  there  is  a  relationship  in  the  first  place  and  if  so,  when  the 
environmental management influence of EIA is realised and how this influence came about. With regard to the 
issue of causation, reference is made here to the potential influence of rational processes, external pressures or 
internal reforms. 
 
In  Chapter  3,  the  research  methodology  for  testing  the  EIA/environmental  management  relationship  is 
presented. The research is based upon a number of case study projects that have undergone EIA in Western 
Australia. The chapter commences with an explanation of the rationale behind the case study selection process 
that was utilised. The methodology itself is then discussed in detail. 
 
The research methodology is based around a computerised database and a detailed written account of each case 
study. The database was used to store information on each of the case study projects in a standardised format. 
The database itself is divided into four parts which reflect discrete components of the EIA process. These relate   4 
to  the  prediction  of  potential  impacts,  occurrence  and  observation  of  actual  impacts,  implementation  of 
proposed  environmental  management  activities  and  environmental  monitoring  activities.  In  presenting  the 
research methodology the means of identifying each of these components, what information was recorded and 
how  it  was  stored  in  the  database  are  explained.  The  relationship  between  the  database  records  and  the 
EIA/environmental management model is described. The database records are supplemented with a detailed 
written  account  of  each  case  study  with  respect  to  the  EIA  process  to  which  they  were  subjected  and  the 
environmental management outcomes. The application of the combined database findings and these written 
records of the case study projects is discussed in the final section of Chapter 3. 
 
In  Chapters  4-9,  the  individual  case  study  projects  are  examined  in  chronological  order.  This  examination 
includes the detailed written account of each case study and the database results obtained. Each of these results 
chapters commences with a description of the nature and location of each case study, and the specific sequence 
of events that occurred during EIA. The list of significant environmental issues identified for each case study is 
provided immediately prior to four sections in which the major finding of the database results are presented. 
Following analysis of the database results, one or more issues of particular concern for each case study are 
discussed in detail. In the final section of these six chapters, all of the information obtained for each case study 
is then examined in the context of the EIA/environmental management relationship. 
 
In the final chapter of this research (Chapter 10), the major findings and conclusions are presented. The chapter 
commences with discussion of important patterns in the results obtained for the individual case studies. The 
reasons for major similarities and differences between the case study findings are discussed. The combined 
results are then considered with respect to understanding the influence of the EIA process on environmental 
management outcomes. The major themes of when the EIA process influenced environmental management and 
how this influence came about are considered. The final section of Chapter 10 presents the conclusions and 
recommendations of the research.  
 
A  list  of  the  references  utilised  throughout  the  research  follows  Chapter  10  plus  an  appendix  in  which  a 
description of the EIA process in Western Australia is provided. 
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Chapter 2  EIA THEORY 
 
2.1  INTRODUCTION 
 
The purpose of this chapter is to place the study in an overall theoretical context. The chapter commences with a 
brief account of the origins of EIA and the scope of its application. The main portion of the chapter concerns the 
role of EIA as a planning and decision-making tool. Three important models of how EIA functions in practice as 
a planning and decision-making tool are presented within this context. These models; rational model, external 
reform  model  and  internal  reform  model;  are  discussed  in  detail  in  subsequent  sub-sections.  During  this 
discussion, theoretical EIA literature and the results of various EIA audit studies are considered. The final major 
section of the chapter addresses a complementary role of EIA to its planning and decision-making functions; i.e. 
as a tool for ongoing environmental management. A theoretical model of the EIA/environmental management 
relationship  is  presented.  The  major  research  goals  of  this  study  are  then  identified  with  respect  to  the 
application of this model. The final sub-section of the chapter presents the questions that this study seeks to 
address.  
 
In order to place the study of EIA in perspective, the following section presents a brief account of the origins of 
this process.  
 
 
2.2  ORIGINS OF EIA 
 
The formal requirement for EIA procedures originated in the USA when the National Environmental Policy Act 
(NEPA) was signed into law in 1970. This Act established EIA procedures (although this specific terminology 
does not actually appear in the Act itself) as the means of achieving a stated environmental policy. The policy is 
defined in Section 2 of the Act where it is stated that: 
 
The purposes of this Act are: To declare a national policy which will encourage productive and enjoyable 
harmony between man and his environment; to promote efforts which will prevent or eliminate damage to 
the environment and biosphere and stimulate the health and welfare of man; to enrich the understanding of 
the  ecological  systems  and  natural  resources  important  to  the  Nation;  and  to  establish  a  Council  on 
Environmental Quality. 
 
NEPA specifically applies to all agencies of the US Federal Government which Caldwell (1982), who was one of 
the architects of NEPA when it was presented to the US Congress, suggests was the most simple and direct way 
to establish a comprehensive environmental protection policy that included both private and public activities. 
To achieve the stated national environmental policy, NEPA made it a requirement of federal agencies to firstly 
prepare a document that outlines the likely effect on the environment of a proposed action, and secondly to use 
this document in their decision-making procedures. Section 102(2)(c) of NEPA states that all agencies of the 
Federal Government shall: 
 
Include  in  every  recommendation  or  report  on  proposals  for  legislation  and  other  major  Federal  actions 
significantly affecting the quality of the human environment, a detailed statement by the responsible official 
on- 
(i)  The environmental impact of the proposed action, 
(ii) Any adverse environmental effects which cannot be avoided should the proposal be implemented, 
(iii)  Alternatives to the proposed action, 
(iv)  The  relationship  between  local  short-term  uses  of  man's  environment  and  the  maintenance  and 
enhancement of long-term productivity, and 
(v) Any irreversible and irretrievable commitments of resources which would be involved in the proposed 
action should it be implemented. 
 
It  is  this  part  of  NEPA  that  establishes  the  basis  of  EIA  (i.e.  the  assessment  of  the  potential  impacts  for  a 
proposed action). Caldwell (1982) refers to this requirement of NEPA as "an action-forcing operational aspect" 
of  the  act.  In  other  words,  by  documenting  the  relationship  between  proposed  Federal  actions  and 
environmental quality it was intended to assist in making the environmental policy capable of implementation 
rather than being just a statement of desirable goals and objectives. The actual procedures for undertaking EIA 
in accordance with NEPA requirements are outlined in guidelines and regulations established by the Council 
on Environmental Quality (CEQ). The statement or document referred to in Section 102(2)(c) of NEPA, which 
forms the basis of EIA, is known commonly as an EIS. 
 
An additional feature of the NEPA procedures is the requirement in Section 102 for the responsible Federal 
agency, following completion of the EIS, to obtain the comments of any other federal agency which may be 
affected by the proposal. The EIS and the agency comments are then made available to the President, CEQ and 
the  public  and  are  required  to  accompany  the  proposal  through  the  existing  agency  review  process.  The 
involvement  of  the  public  in  the  process  is  seen  as  an  important  factor  in  making  Federal  agencies  fully 
accountable for their actions that may significantly affect the environment. 
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Caldwell (1982) states that the purpose of the EIA procedure was to force federal officials to consider in advance 
the potential consequences of decisions that may have major implications for environmental quality. In doing 
so, NEPA was not meant to force any particular decision on an agency but rather influence the way in which 
the decision-making authority was exercised. Caldwell (1982) goes on to discuss the EIS requirement as a means 
for NEPA to achieve procedural reform in Federal decision-making on matters affecting the environment. An 
EIS  was  not  required  to  prescribe  technical  means  or  standards  to  achieve  NEPA's  goals.  However,  it 
established a procedure that forces agency administrators to show that they have kept those goals in mind in 
their planning and decision-making. Hence the EIA process established by NEPA is prescriptive only in terms 
of the procedures to be followed, or at least only as far as NEPA's policy goals extend, and not in terms of the 
specific environmental outcomes themselves. 
 
From its origins in the United States at the federal level, EIA procedures have since been adopted in many other 
jurisdictions worldwide. The spread of EIA is considered briefly in the following section. 
 
 
2.3  SPREAD OF EIA 
 
Since the implementation of NEPA, many other countries have adopted guidelines and/or legislation for the 
implementation of EIA procedures (eg. Htun 1988, Starzewska 1988, Verocai Moreira 1988, Wathern 1988b). The 
importance  of  EIA  was  recognised  globally  in  the  United  Nations  Conference  on  Environment  and 
Development held in Rio de Janeiro in June 1992. Some reference to EIA was included in all of the principal 
declarations  and  conventions.  For  example,  Principle  17  of  the  Rio  Declaration  states  that  EIA  should  be 
undertaken for proposed activities likely to have a significant adverse impact on the environment, and Article 4, 
Section 1(f), of the Framework Convention on Climate Change suggests the use of EIAs to assist in the process 
of taking climate change considerations into account in environmental policies and actions. The inclusion of EIA 
procedures in the principal outcomes of this global conference provides some measure of the international 
importance that has been attached to EIA. 
 
While NEPA established EIA procedures for use at the Federal level within the United States, EIA may also be 
implemented  at  local  and  state  levels  within  one  country  (Robinson  1993).  In  Australia,  for  example,  EIA 
procedures  are  established  by  the  Commonwealth  Government  under  the  Environment  Protection  (Impact  of 
Proposals)  Act  1974  (as  amended)  for  activities  requiring  approvals  by  Commonwealth  Government 
departments and Ministers. In addition, each of the six Australian states and two territories have implemented 
their own EIA procedures plus their own respective legislation (Coopers & Lybrand 1994). While no formal EIA 
procedures have been established at the local government level in Australia to date, they have been advocated 
in the Intergovernmental Agreement on the Environment (IGAE) which came into effect on 1 May 1992. This is 
an agreement between the heads of government of the Commonwealth Government of Australia, state and 
territory  governments  and  the  Australian  Local  Government  Association  that  provides  for  a  co-operative 
national  approach  to  the  environment.  Schedule  3  of  the  IGAE  advocates  the  use  of  EIA  by  all  levels  of 
government and outlines the basis for undertaking EIA (Anonymous 1992). 
 
The  purpose  of  discussing  the  spread  of  EIA  here  is  not  to  provide  an  exhaustive  list  of  all  the  specific 
jurisdictions and ways in which EIA has been applied around the world. Rather it is to highlight both the 
importance and utility of EIA procedures from the local to the international level around the world. Given the 
widespread use of EIA procedures, it is important to understand how the process actually works in practice to 
achieve  its  environmental  protection  and  management  objectives.  This  issue  is  discussed  in  the  following 
section. 
 
 
2.4  EIA AS A PLANNING AND DECISION-MAKING TOOL 
 
This  section  discusses  the  theoretical  role  of  EIA  with  the  principal  focus  being  on  how  EIA  functions  in 
practice. In particular, the environmental planning and decision-making aspects of EIA are emphasised. Later, 
in Section 2.5, an alternative role of EIA as a tool for ongoing environmental management is examined. In the 
discussion on the planning and decision-making roles of EIA, a number of theoretical models of how EIA 
actually achieves its goals in practice are identified. These models are addressed in turn with reference to the 
international EIA literature. 
 
Much of the EIA literature focuses on the methodologies and/or results of EIA audit studies. EIA auditing is 
referred to here as the process of follow-up and evaluation of projects that have been subjected to EIA in order 
to provide information on the mechanisms and performance of EIA planning and decision-making activities. 
The key findings of EIA audit studies are subsequently presented. 
 
A  key  objective  of  EIA  that  is  repeatedly  identified  in  the  literature  is  as  a  planning  tool  used  to  provide 
decision-makers with an indication of the likely consequences of their actions (eg. Fuggle 1979, Clark et al. 1980, 
O'Riordan  and  Sewell  1981,  Duinker  and  Baskerville  1986,  Wathern  1988a,  Ortolano  and  Shepherd  1995a, 
1995b). The EIS was developed as a means of identifying in advance the likely adverse impacts of a proposed 
action and potential mitigation measures for these. It was intended that preparation of EIS documents would   7 
occur  during  the  planning  stages  of  development  proposals  to  enable  environmental  considerations  to  be 
incorporated into the final design of proposals. For example, Wathern (1988a) suggests that the identification of 
potential adverse impacts of proposals and subsequent modification of the proposals or their locations may 
well represent the greatest contribution of EIA to environmental management by reducing adverse impacts 
before  proposals  come  through  to  the  authorisation  phase.  This  viewpoint  does  not  take  into  account  the 
potential contribution of EIA to environmental management during and after decision-making. 
 
An important activity during the planning and decision-making stages of EIA is the involvement of the public. 
This is intended to enable all parties that may be affected by a proposal to be consulted and all viewpoints to be 
expressed (Wathern 1988a).  
 
The anticipated outcome of these planning and consultation stages is that this collective information base will 
be made available to decision-makers resulting in better planning decisions being made from an environmental 
perspective. Formby (1990) and Ortolano and Shepherd (1995a, 1995b) advocate that the principal focus of EIA 
is on improving the quality of decisions. The outcome of improved decision-making is intended in turn to result 
in better projects eventuating and a high level of environmental quality being achieved. For example, Sadler 
(1988) in reporting on a series of studies examining EIA in Canada by a variety of researchers indicated that it 
was generally agreed that EIA had resulted in better decisions and more environmentally sound development 
than otherwise would have been the case. 
 
What is characteristic about the role of EIA as a planning and decision-making tool is that it is applied up to and 
including the point at which a decision is made to proceed or not with some form of proposal. Hence while the 
intended outcome of EIA is to improve environmental quality or performance for a particular proposal once 
implemented, the actual benefits of undertaking an EIA in the first place are put into place prior to the proposal 
actually proceeding. It is not intended to dispute the value of EIA to planning and decision-making activities in 
this  way.  What  is  of  central  interest  is  understanding  how  EIA  functions  in  practice  in  order  to  improve 
planning  and  decision-making  processes  and  then  subsequently  environmental  performance.  For  this 
understanding to develop, attention must be paid to the post-decision stages of the process and in particular, 
the provisions for ongoing environmental management. 
 
The international literature on EIA theory posits a number of models of EIA with respect to the manner in 
which it achieves environmental protection goals as a pre-implementation planning and decision-making tool. 
The three principal models can be summarised as follows (Culhane et al. 1987, pp14-16): 
  the  rational  model  which  suggests  that  EIA  decision-making  follows  a  rational  path  based  largely  on 
scientific principles; 
  the external reform model which emphasises the role of external pressures in influencing EIA planning and 
decision-making; and 
  the internal reform model which focuses on the role of internal agents of change within the proponents or 
agencies undertaking EIA. 
These models are discussed in detail in the subsequent three sections. In discussing the EIA theory literature, it 
is important to realise that much of this material originated in the United States where the focus has been 
largely on understanding the consequences of NEPA specifically. Hence some caution needs to be exercised in 
extrapolating this material within the context of EIA as practiced elsewhere. 
 
 
2.4.1  RATIONAL MODEL OF EIA 
 
Taylor (1984) notes that "rationality" is commonly defined as the effectiveness of the means used to achieve 
sought-after  ends  and  that  rational  action  is  then  the  use  of  the  best  available  means  to  achieve  a  goal. 
Consequently, the rational model of EIA assumes that the process proceeds in a logical and systematic fashion 
in order to optimise environmental decision-making. In applying the rational model to EIA, Culhane (1990) 
posits that EIA decision-makers: 
  agree on their objectives or preference function; 
  identify all plausible alternate decisions; 
  examine all costs, benefits and other consequences of each alternative; and 
  choose the optimum alternative. 
Because  the  identification  of  alternatives  and  analysis  of  their  consequences  lies  at  the  heart  of  rationalist 
decision  theory,  Culhane  et  al.  (1987)  suggests  that  EIA  documents  (principally  the  EIS)  naturally  invite 
evaluation under the standards of the rational model. 
 
Several specific types of rational model for EIA can be identified in the literature. Culhane et al. (1987, pp14-15), 
for example, identifies three types which vary in terms of their sophistication or rigour as follows: 
  the  rational-scientific  model  which  assumes  that  decision-making  is  guided  by  state-of-the-art  scientific 
understandings of environmental systems; 
  the  rational-comprehensive  model  which  also  relies  on  scientific  principles  but  with  an  emphasis  on  a 
thorough systematic approach; and   8 
  the  rational-objective  model  which  is  based  on  minimum  defensible  legal  expectations  of  EIA  with  a 
requirement for a process that is technically informed, reasonably thorough and in particular is unbiased. 
 
What  all  of  these  rational  models  have  in  common  is  an  emphasis  on  rational  analysis  leading  up  to  the 
principal decision-making point and the major difference between these models relates to the level of analysis 
that is engaged in. An important consideration in the application of the rational models is the requirement of 
EIA procedures for proponents of proposals to consider the likely consequences of alternatives as well as their 
favoured proposal. It is this step that largely contributes to appropriate environmental planning and decision-
making being accomplished (i.e. the opportunity for rational analysis of a proposal and potential alternatives). 
 
A number of researchers, either explicitly or implicitly, have investigated the extent to which EIA represents a 
rational planning and decision-making process. Most of these studies have sought to measure the extent to 
which individual components of the EIA process conform with rational-scientific expectations of the process. 
There has been little or no consideration of the rationality of the EIA process as a whole. In particular, many 
studies  of  rationality  in  EIA  have  focussed  on  an  analysis  of  the  scientific  content  and  accuracy  of  impact 
predictions made during the pre-decision stages of EIA. This is often referred to as impact prediction auditing 
and/or predictive accuracy auditing. A second measure of the extent and success of rational planning and 
decision-making revolves around follow up studies on the implementation of EIA approval conditions and 
proposed mitigation measures aimed at protecting or managing the environment. This is often referred to as 
compliance auditing. Many of the researchers investigating impact prediction outcomes have also examined 
post-development compliance with EIA decision-makers requirements including comment in some cases on the 
actual effectiveness of the implemented measures. These studies provide further information on the outcomes 
of EIA in terms of the extent to which it represents a rational planning and decision-making process. 
 
In  the  following  three  sub-sections,  previous  studies  of  the  rationality  of  EIA  are  reviewed.  Discussion 
commences with a summary of the findings of a single detailed explicit study by Culhane et al. (1987). This is 
followed by consideration of other mostly implicit studies which are based upon impact prediction auditing. 
Finally, the findings of various compliance audit and evaluation studies are discussed. 
 
 
2.4.1.1  STUDY  OF  THE  CONTENT  AND  PREDICTIVE  ACCURACY  OF  EIS  DOCUMENTS  BY 
CULHANE AND OTHERS 
 
One of the most detailed and comprehensive studies of the outcomes of EIA was undertaken by Culhane et al. 
(1987)  who  examined  the  NEPA  process  in  terms  of  whether  or  not  it  conforms  to  a  rational  model  of 
environmental planning and decision-making. In doing so, particular emphasis was placed on the rational-
scientific model although the possible influence of other rational and non-rational models of EIA were also 
acknowledged. These authors examined the analytical quality of the EIS documents that lie at the heart of the 
NEPA process. 
 
In particular, the purpose of their study was to examine the scientific rigour and accuracy of impact predictions 
(or  forecasts  as  these  authors  prefer  to  call  them)  made  in  EIS  documents.  These  predictions  were  seen  to 
provide the basis for examining the rationalism of the NEPA process Culhane et al. (1987, p81). Other authors 
have also articulated the relationship between impact prediction and rational decision-making. For example, 
Duinker and Baskerville (1986) state that under the rational-scientific model of EIA, impact predictions would 
be systematically derived to be useable by decision-makers, technically defensible and capable of being tested 
with  empirical  data  once  the  project  has  proceeded  and  the  impact  has  occurred.  Under  this  model,  the 
environmental assessment of a project must be considered in an experimental context in which baseline and 
post-project  monitoring  is  used  to  test  the  impact  predictions  as  though  they  are  experimental  hypotheses 
(Beanlands and Duinker 1983). The framing of the impact predictions for a proposal and its alternatives in this 
rational-scientific  manner  would  enable  decision-makers  to  select  the  optimum  option  available.  Hence,  an 
examination of the technical sophistication and accuracy of EIS predictions provided Culhane et al. (1987, p81) 
with a means of reflecting on the extent to which the practice of EIA in accordance with NEPA could be argued 
to  conform  with  a  rational-scientific  model.  The  methodology  and  results  of  the  research  undertaken  by 
Culhane et al. (1987) are now discussed here in some detail. 
 
The  researchers  randomly  selected  400  EIS  documents  from  the  total  of  10,475  catalogued  by  the  US 
Environmental Protection Agency prior to 1980. The randomly chosen list was subsequently reduced by the 
exclusion of 254 EIS documents for various reasons (eg. draft EIS documents, supplements to EIS documents 
only, unobtainable information on the completion status of projects etc.). The remaining 146 documents and the 
projects they represented were subjected to an implementation profile examination which included details such 
as  timing  of  project  construction  and  operation  stages  and  completion  status.  These  projects  were  also 
categorised in terms of geographical location. To select a field sample of projects for detailed examination, 
consideration was given to aspects such as comparability of projects and location including the opportunity for 
clustering  of  projects.  Preference  was  given  to  projects  with  post-1974  EIS  documents  and  pre-1978 
implementation as these optimised both the maturity of the EIA process and length of the post-development 
period for evaluating environmental impacts. The outcome of this screening process was the selection of 29 
projects  in  ten  geographic  clusters  for  field  research  and  detailed  investigation.  These  29  projects  were   9 
considered  to  be  representative  of  a  variety  of  EIS  filing  dates  in  the  period  after  NEPA  had  become 
institutionalised, were written by a range of lead agencies and included five or six cases within defined project 
categories  (transportation,  water  resources  development,  urban  development  and  buildings,  public  land 
management and energy). 
 
From the sample of 29 projects and their EIS documents, Culhane et al. (1987) recorded a total of 1,105 impact 
predictions. The authors defined an impact prediction (or forecast) as "any passage in the text or responses-to-
comments sections of final EISs about a future consequence of the proposed action" Culhane et al. (1987, p85). 
These impact predictions were then tested against the authors' definition of an ideal EIS prediction under a 
rational model of environmental planning and decision-making. Their notion of an ideal prediction was drawn 
from a review of previous literature on the subject. In summary their ideal rational impact prediction would: 
  be quantified using a technically appropriate unit of measurement; 
  clearly identify the affected populations or resources measured; 
  indicate the time when the effect is to occur; 
  state the significance of the impact; and 
  estimate the probability of impact occurrence. 
 
The predictions were examined to determine the extent to which they conformed with this notion of an ideal 
impact  prediction  and  the  following  results  were  reported.  Quantified  predictions  were  not  in  abundance, 
accounting for 23.7% of the total sample. Only 29% of the predictions provided a technical measurement unit 
and over half contained only vague or contradictory statements about the significance of impacts. Culhane et al. 
(1987, pp99-101) found that 58% of predictions indicated a high probability of occurrence indicated by the usage 
of words such as "will", "will not", "very likely" etc. and 29% indicated the possibility of an impact implied by 
words  such  as  "may",  "could",  "may  not"  etc.  Only  one  prediction  quantified  the  probability  of  impact 
occurrence. 
 
The authors computed an impact prediction imprecision index that computed the number of characteristics of 
predictions that were not in accord with the traits of an ideal EIS prediction. They added one point to the index 
for each of the following attributes (Culhane et al. 1987, p105); 
  unquantified; 
  no clear unit of measurement; 
  vague or no explicit statement of impact significance; 
  impact probability only vaguely indicated or inferred 
  uncodable referent population; 
  vague time frame; 
  unclear direction of impact 
  vague forecast beneficiality; and 
  trivial salience.  
Only 14% of the 1,105 predictions studied achieved a perfect score of zero (ie. they do conform to the ideal EIS 
prediction) and the mean index score was found to be 2.4. Overall, the authors found that the typical prediction 
recorded in their study lacked several of the characteristics of the ideal EIS prediction (Culhane et al. 1987, 
p112). While this finding challenges the scientific basis of impact predictions themselves, it does not provide 
any  evaluation  of  the  rationality  of  analysis  used  during  decision-making  based  upon  these  predictions.  It 
seems likely that rational analysis can exist independently of the relative rational content of impact predictions. 
 
A number of additional characteristics of their suite of impact predictions were also recorded. It was found that 
significantly more predictions were rated as "beneficial" than "adverse" although Culhane et al. (1987, p101) 
point out that the number of beneficial predictions was inflated by inclusion within this category of predictions 
of  "no  impact".  These  were  classified  in  this  way  (eg.  rather  than  being  classified  as  "neutral")  as  it  was 
perceived that EIS writers intended predictions of no impact to be seen as a beneficial outcome. Over half of the 
beneficial predictions were found to relate to economic benefits which conforms to a common presumption that 
EIS writers seek to emphasise economic advantages to offset the environmental disadvantages of a proposal 
(Culhane et al. 1987). The authors also noted the tendency for "creative puffery" in EIS predictions whereby 
beneficial  outcomes  were  presented  in  the  face  of  predicted  adverse  effects  (eg.  for  a  proposed  strip  mine 
identified as having a disagreeable appearance to some people it was also mentioned that the mine might be 
considered to be an interesting addition to the landscape by others). Such passages were considered to lend 
support to the view that EIS documents are not rational analyses of potential impacts and outcomes, but rather 
are written to defend a proposal in an adversarial process (Culhane et al. 1987, pp103-104). 
 
Adverse  and  beneficial  impact  predictions  were  found  to  be  about  equally  quantified.  This  finding  was 
acknowledged as being contrary to a common perception that EIS writers attempt to cover up adverse impacts 
in their documents with vague language (Culhane et al. 1987, p107). 
 
The predictions were divided into four substantive categories based on the subject of the predicted impact as 
follows: 
  physiographic predictions which dealt with non-living natural phenomena; 
  biological predictions which concerned non-human living organisms and their habitats;   10 
  economic predictions relating to business and other money transactions; and 
  social predictions which included all human non-economic phenomena. 
 
Culhane et al. (1987, p94) suggested that NEPA requires decision-makers to balance impacts on the biosphere or 
ecosystems with the economic and technical benefits of proposals. In light of this, the authors anticipated that 
biological and economic predictions might constitute the dominant prediction categories. However, these two 
categories together accounted for less than a third of the recorded predictions. Social predictions dominated, 
accounting for 40% overall, while physiographic predictions accounted for 27%. The authors concluded that 
there were more social impacts predicted in EIS documents than what might be expected from the literature on 
EIA (Culhane et al. 1987, p94). 
 
Biological  predictions  were  found  to  be  the  least  quantified  and  rarely  provided  units  of  measurement. 
Economic  and  social  predictions  were  found  to  more  frequently  use  clear  units  of  measurement  than 
predictions  about  natural  environmental  impacts,  with  the  dollar  being  the  most  frequently  used  unit  of 
measurement (Culhane et al. 1987, p105). 
 
From their content analysis of the 1,105 impact predictions recorded for the 29 case studies, Culhane et al. (1987) 
concluded that most predictions in EIS documents are imprecise in one way or another and do not remotely 
resemble the ideal environmental prediction of the prescriptive literature. The most common prediction in their 
sample was: 
 
"...an unquantified assertion, not couched in any commonly recognisable unit of measurement, and lacking 
any clear statement of the significance or likelihood of the impact" (Culhane et al. 1987, p112). 
 
It was also noted that coverage of biological impacts appeared to be the weakest aspect in the EIA process. The 
authors  concluded  that  the  contents  of  EIS  documents  stand  as  strong  evidence  of  the  impracticality  of 
rationalistic reforms of decision-making (Culhane et al. 1987, p113). Again, this conclusion does not differentiate 
between the content of impact predictions and the nature of the decision-making process in which they are 
utilised. 
 
The second component of the research undertaken by Culhane et al. (1987) was to audit the accuracy of EIS 
impact predictions. This was done by comparing the predicted state of the environment with the results of post-
development environmental monitoring programmes and other operational information (eg. interviews with 
knowledgeable  informants  on  the  projects).  This  aspect  of  the  research  produced  a  number  of  interesting 
results. The authors found that the correspondence between EIS predictions and actual impacts could not be 
sensibly summarised simply as "right" or "wrong" due to the large number of outcomes representing a "not 
exactly"  position  (Culhane  et  al.  1987,  p140).  This  led  to  the  development  of  a  three  component  predictive 
accuracy classification system which is briefly summarised here followed by the major findings. 
 
The  first  component  of  the  predictive  accuracy  classification  system  concerned  the  direction  of  the  impact 
relative to the prediction direction (i.e. a prediction would be considered to be "correct" if the impact was in the 
same direction as predicted). The second component of accuracy classification concerned the match between the 
prediction and the actual impact with 19 individual possible match codes being established. Examples of these 
include "close", "exceeds", "not yet", "unanticipated", "adverse" and "spurious" (Culhane et al. 1987, pp140-142). 
The third component was an assessment of the relative beneficiality of the actual impact, using a similar system 
as the authors used to classify predictions into various adverse, neutral and beneficial categories. 
 
Almost three fourths of the impacts audited were in the same direction as predicted. Approximately 30% of the 
sample  predictions  were  rated  as  fairly  accurate  while  very  few  predictions  in  the  sample  were  clearly 
inaccurate. However, two thirds of the audited predictions fell into an uncertain area between accuracy and 
clear inaccuracy. Only three recorded impacts had not been explicitly anticipated by EIS writers and two of 
these  were  considered  to  represent  minor  serendipitous  outcomes  only.  Another  five  impacts  were  so 
understated  by  EIS  writers  that  they  were  not  considered  to  have  been  properly  anticipated.  The  authors 
suggested that identifying potential types of impacts was perhaps more important for good EIA than precisely 
predicting the magnitude of impacts. A focus on prediction precision at the expense of identifying the full range 
of potential impacts might result in subtle unanticipated impacts occurring which are not noticed, monitored or 
managed. Due to this factor, the authors indicated that it was quite possible that more than three unanticipated 
impacts may have occurred for the 29 case study projects (Culhane et al. 1987, p231). 
 
Predictions of beneficial impacts were found to be about as accurate as predictions of adverse impacts. There 
was little difference in the beneficiality of actual impacts relative to their predictions. A quarter of cases were as 
beneficial or adverse as predicted and 39% could not be clearly determined either way. While some of the 
remaining impacts were "less beneficial" than predicted, a higher number were "less adverse" than predicted. 
Hence, the authors concluded that the sample EIS writers, if anything, underestimated benefits in several cases 
(Culhane et al. 1987, p241). 
 
The  use  of  either  quantification  or  explicit  units  of  measurement  was  found  to  be  unrelated  to  predictive 
accuracy. Hence no link was found between the use of a rational approach to EIS prediction formulation and   11 
their accuracy (Culhane et al. 1987, p242). This result suggests that there may not be any link between the 
rational content of impact predictions and actual EIA outcomes. However, the study has not accounted for 
other explanations for these outcomes; eg. the level of rational analysis engaged in during EIA. 
 
Predictions expressing a high probability of occurrence (eg. using key words like "will") were found to be more 
accurate than those implying only possibility (eg. using key words like "could"). This was attributed to that fact 
that systematically accurate mitigation predictions (i.e. predictions concerning a proposed mitigated measure) 
utilised high probability key words (Culhane et al. 1987, p244). 
 
The authors discussed their findings in some detail with respect to the various EIA theories and made a number 
of conclusions accordingly. The comments relevant to other EIA models are included in subsequent sections. 
Overall and with particular reference to the rational model of EIA, Culhane et al. (1987, p261) concluded that the 
field  sample  of  EIS  documents  reviewed  in  their  research  fell  far  short  of  the  ideal  of  technically  rational, 
comprehensive and optimising analysis. Although the EIA process examined was not found to represent a 
rational model, the authors made it clear that they were not thereby implying that EIS writers are cynically 
deceptive in their formulation of EIS predictions. Instead they suggest that EIS writers are simply humans who 
are subject to all the analytical limitations and inclinations towards satisficing decision-making. In other words, 
the  influence  of  additional  factors  such  as  social  and  political  pressures  during  EIA  means  that  rational-
scientific principles are not consistently upheld and the resulting process is more representative of a satisficing 
approach to environmental planning and decision-making. The results of other studies of the rational-scientific 
content of impact predictions are now discussed. 
 
 
2.4.1.2  OTHER STUDIES OF RATIONALISM IN EIA 
 
A number of other studies have been conducted which provide some indication of the rational content of EIA 
processes.  These  studies  include  proposed  EIA  audit  methodologies,  the  results  of  various  EIA  audits  and 
follow up studies, case study analyses and other empirical research. While many of these studies have at their 
heart analysis of the rational model of EIA, and in particular the rational-scientific model, most have not been 
framed explicitly in this context. Rather they have largely been framed simply in the context of evaluating the 
performance and outcomes of various aspects of EIA (eg. accuracy of predictions). The findings of the major 
international literature on EIA audit and evaluation is drawn out in the following discussion in the context of 
the rational model of EIA. The specific subject areas identified are reviews of EIS documents, evaluations of the 
nature of predicted impacts, evaluations of the nature of impact predictions, evaluations of techniques used to 
formulate impact predictions and predictive accuracy auditing. These are discussed in turn. 
 
 
Reviewing EIS Documents 
 
A number of authors have advocated procedures for the review of EIS documents with the aim of improving 
their scientific and rational content. Tomlinson and Atkinson (1987a) proposed a Draft EIS Review process for 
this purpose. This is defined as the process of determining the adequacy of an EIS in relation to its objectives 
and terms of reference. The authors suggest that a Draft EIS Review should be undertaken prior to an EIS being 
made available for public review and formal assessment and would be the responsibility of the appropriate 
assessment agency. Ross (1987) identified three main questions to be covered in the evaluation of an EIS: 
  is the EIS suitably focussed on the key questions which should be answered to make a decision about the 
proposed action?; 
  is the EIS scientifically and technically sound?; and 
  is the EIS clearly and coherently organised and presented so that it can be understood? 
These three questions seek to test the rational-scientific and rational-comprehensive models of EIA in particular. 
The last question would also apply equally to the external reform and internal reform models. The author goes 
on to identify, under each of these questions, the main issues which he considers should be addressed as part of 
an overall evaluation (not considered further here). 
 
In terms of empirical work in this area, a number of studies have been reported in which the quality of EIS 
documents have been evaluated. Elkin and Smith (1988) undertook a review of 14 EIS documents prepared for 
Canadian national parks which examined a wide range of document components including: 
  whether administrative and document content requirements were met; 
  whether alternatives to the proposed activities were considered adequately; 
  sources and adequacy of information used; 
  description of baseline conditions (physical, biological and social resources and interactions); 
  how impacts were predicted (eg. validity of methods and assumptions used, nature of impacts, cumulative 
impacts,  identification  of  key  impacts  and  whether  distinction  was  made  between  the  magnitude  and 
significance of impacts); 
  utility of management and mitigation methods proposed (eg. extent of management or control of impacts, 
rationale for mitigation, feasibility of implementation and extent of residual impacts following management 
and mitigation); and   12 
  extent and adequacy of proposed follow-up surveillance and monitoring. 
A number of specific findings of this research are summarised in the following discussion. 
 
Elkin  and  Smith  (1988)  reported  that  the  distinction  between  the  magnitude  and  significance  of  predicted 
impacts was dealt with implicitly rather than explicitly in all EIS documents they studied. While they found this 
to be understandable given the complexity of the issue, they consider this distinction to be a very important 
component of EIA and put forward criteria to address this matter in future documents. Elkin and Smith (1988) 
found appropriate mitigating measures to be identified in all EIS documents examined in their study, but found 
them to be discussed only generally and not formulated in practical terms (eg. dollars and person-time needed 
to  implement  them).  They  noted  that  an  impact  matrix  was  the  most  common  method  used  in  impact 
identification and prediction for 14 national park EIS documents and that the technique was used effectively. 
These researchers did not indicate the proportions of predictions based on formal and informal techniques. 
Overall the researchers concluded that half of the 14 reports were inadequate based on their criteria for review 
and made a series of recommendations to improve the content of future EIS documents (Elkin and Smith 1988). 
It would therefore appear that the EIS documents examined did not meet with rational model expectations for 
EIA. 
 
Another study which reviewed EIS documents was undertaken by Lee and Colley (1990) who developed a 
methodology for evaluating the quality of EIS documents submitted in the United Kingdom. This approach 
utilises simple criteria which apply to four review areas as follows: 
  description of the proposed project, the local environment and baseline conditions; 
  identification and evaluation of key impacts; 
  alternatives and mitigation of impacts; and 
  communication of results. 
In each of these areas there are several categories and sub-categories of activity which must be completed if the 
area is to be considered to have been dealt with in a satisfactory manner. The emphasis here is on a systematic 
approach to the implementation of EIA procedures which relates strongly to the rational-comprehensive model 
of EIA. 
 
Part of the EIS evaluation methodology developed by Lee and Colley (1990) utilises a six level assessment rating 
(Table  2.1)  which  they  subsequently  applied  in  practice.  In  a  study  of  12  EISs  the  authors  rated  only  one 
document as Class A and two as Class B with the remainder falling into Classes D-F (ie unsatisfactory). A 
similar pattern was observed for each of the four review areas identified previously although no document was 
rated as Class A for the identification and evaluation of key impacts. While the sample size was too small to 
statistically  determine  satisfactory  and  unsatisfactory  characteristics,  the  authors  did  identify  a  number  of 
specific deficiencies in the 12 EIS documents common to most of the projects examined. Clearly, this study 
found little evidence of a rational-comprehensive model of EIA for the case studies examined. 
 
The principal author of the Lee and Colley (1990) study later utilised the same methodology to rate the quality 
of EIS documents (or "environmental statements" as they were referred to) submitted for 47 projects subject to 
EIA under the UK planning regulations. In this study, (Lee et al. 1994) also examined certain events in the time 
period after which the EIS documents were submitted up until the final decision point for each of the case 
studies. Their investigations focussed on a range of characteristics concerning project specific consultations by 
EIA  decision-makers.  These  related  to  the  EIS  contents  and  the  modification  of  projects  as  a  result  of  EIS 
documents and consultations based on them (presented in Tables 4-6 in Lee et al. 1994). The purpose of this 
analysis was to identify the influence of EIA within the UK planning system (i.e. environmental issues represent 
only  one  consideration  for  the  decision-makers  who  are  also  responsible  for  a  range  of  other  planning 
considerations). 
 
Rating  Classification Criteria 
A  Relevant tasks well performed, no important tasks left incomplete. 
B  Generally satisfactory and complete, only minor omissions and inadequacies. 
C  Can be considered just satisfactory despite omissions and/or inadequacies. 
D  Parts are well attempted but must, as a whole, be considered just unsatisfactory because 
of omissions and/or inadequacies. 
E  Not satisfactory, significant omissions or inadequacies. 
F  Very unsatisfactory, important tasks poorly done or not attempted. 
   
Table 2.1: EIS classification system. Source: (Lee and Colley 1990) 
 
Lee et al. (1994) made several findings relating to the utility of EIS documents and their effect on decision-
making processes. For projects where the EIS documents were considered to be of "satisfactory quality" (i.e. 
rated as either A, B, or C in Table 2.1): 
  decision-makers were less likely to request additional information; 
  other environmental authorities who were given copies of EIS documents during the public consultation 
process were more likely to provide comments to the decision-makers; and 
  the mean time between submission of planning application and the final decision was lower;   13 
compared to projects with "unsatisfactory quality" EIS documents. These outcomes, which were all considered 
to be favourable by Lee et al. (1994), imply that benefits accrue from EIS documents most closely aligned with 
rational-comprehensive ideals of EIA. However, the authors also noted that the influence of the EIA process, 
both on the final decision and on project modifications, seemed to be no greater in the case of satisfactory, than 
of  unsatisfactory,  EIS  documents  (Lee  et  al.  1994).  Hence  there  was  no  apparent  difference  in  terms  of 
environmental planning and decision-making outcomes for EIS documents consistent with a rational process 
and those that were not. The authors posited a number of possible explanations for this finding but conceded 
they required further study. 
 
Rather than examine the overall content or acceptability of EIS documents, many researchers have focussed on 
specific components of these documents. In particular, the focus has largely been on the prediction process but 
also includes consideration of compliance with EIA approval conditions. The following discussion presents the 
findings of studies which have examined EIA predictions in detail. EIA predictions have been evaluated in 
several way and the discussion commences with studies concerning the nature of predicted impacts. 
 
 
Evaluating the Nature of Predicted Impacts 
 
EIA predictions can be examined in terms of the nature of the impact that is being predicted and also with 
respect to the format and basis of the prediction itself. Here, the emphasis is on the former while the latter is 
addressed in subsequent discussion. 
 
A detailed evaluation of the EIA predictions is presented in the collective work of Bailey and Hobbs (1990), 
Hobbs et al. (1990) and Bailey et al. (1992) who examined 665 predictions for a series of artificial waterway 
developments  in  Western  Australia.  These  authors  examined  the  nature  of  predicted  impacts  in  a  similar 
fashion to that of Culhane et al. (1987) giving particular attention to: 
  the environmental component (physical, biological or social) of predicted impacts; 
  the importance of the predicted impacts to EIA decision-makers (directly important, indirectly important or 
not important at all); and 
  a rating of the nature of predicted impact outcomes in terms of their beneficiality (eg. beneficial, neutral or 
adverse). 
Bailey et al. (1992) reported that the majority of predictions addressed impacts in the physical component of the 
environment. This result differs from that of Culhane et al. (1987) discussed previously who found that the 
majority of predictions addressed socio-economic issues. 
 
Bailey et al. (1992) rated the importance of predicted impacts based upon the extent to which predicted impacts 
could be considered to address a list of key issues identified for each project audited. The list of key issues was 
derived  from  statements  and  recommendations  made  by  the  Environmental  Protection  Authority  (EPA)  of 
Western Australia. (The EPA is a statutory authority responsible for administering EIA. Full details on the EIA 
process  in  Western  Australia  are  provided  in  Appendix  1).  An  impact  prediction  could  be  considered  to 
represent an important issue in two ways, depending on whether the subject matter and wording related to one 
or more of these key issues either directly or indirectly. Predictions not meeting either of these criteria were 
considered to be not related to important environmental issues as perceived by the EPA. 
 
Bailey  et  al.  (1992)  found  that  slightly  more  predictions  addressed  important  issues  directly  than  either 
indirectly or not at all. Hence the dominant category of impact predictions concerned important issues directly, 
a result which is consistent with rational notions of EIA. However, approximately one third of all predictions 
did not address issues identified as important during the assessment processes. In comparing the important 
issues for each project audited with the details of the predictions made, Bailey et al. (1992) found that most of 
the important issues were covered by predictions. Hence, while the EIS documents were found to contain a 
large  proportion  of  predictions  unrelated  to  issues  of  importance,  they  were  nevertheless  found  to  have 
adequately covered the relevant important environmental issues in the remaining predictions. 
 
In terms of the nature of the impact predicted, Hobbs et al. (1990) reported that the vast majority of predictions 
were rated as "adverse". This result was anticipated to some extent in view of the definitions adopted for the 
adverse, beneficial and neutral categories which defined any change that was not specifically seen as beneficial 
to be adverse. This approach can be compared to that of Culhane et al. (1987) who classified predictions that 
forecast no change in the environment as being beneficial. Consequently they found that significantly more 
predictions were rated as "beneficial" than "adverse". The rationale for this approach was based on the way they 
perceived that the writers of predictions meant a section of the EIS to be read. Hence using this system a 
prediction stating that an adverse impact will not occur would be recorded as beneficial, whereas Hobbs et al. 
(1990) would record it as potentially adverse given that a negative effect would result if the impact did in fact 
occur. 
 
Other  researchers  have  also  commented  on  the  beneficiality  of  impact  predictions.  For  example,  in  an 
examination of the impacts presented in a random sample of 38 EIS documents filed in the United States over 
an eight month period in 1989, Leon (1993) found that beneficial impacts accounted for 10% of the total impacts 
discussed. Most of these concerned the operational or economic benefits of the project.   14 
 
Bailey et al. (1992) found a statistical relationship between importance of predicted issues and the nature of the 
predicted impact, where proportionally more of the predictions that addressed important issues directly were 
perceived as "adverse" by the author of the prediction and fewer were perceived as "beneficial". Conversely, 
predictions that addressed minor or unimportant issues were more likely to be perceived as "beneficial" and 
less likely to be perceived as "adverse". Many of the "beneficial" predictions were found to be statements of 
advocacy for the projects and it is indicative that the predictions which do not address important issues are 
included in EIS documents in order to present the projects in a more favourable way. In fact Hobbs et al. (1990) 
reported a statistically significant association between predictions made by the proponent (i.e. in the EIS) being 
more likely to be rated as "beneficial" and less likely to be rated "adverse" whereas the opposite was true for 
predictions  made  by  other  parties  in  the  EIA  process.  Hence,  the  notion  that  an  EIS  document  has  a  bias 
towards project advocacy and support as opposed to strict scientific debate is well supported by the results of 
this audit study and is also consistent with the results of Culhane et al. (1987) discussed previously. This picture 
of EIA is clearly contrary to rational models of environmental decision-making and planning. 
 
 
Evaluating the Nature of EIA Predictions 
 
While relatively few studies of the nature of predicted impacts (discussed previously) were identified in the 
international EIA literature, the nature of impact predictions in EIA has been more widely reported. Much of 
this discussion has focussed on the scientific rigour and integrity of impact predictions. Hence this literature can 
be viewed in the context of testing the extent to which impact predictions conform, in particular, with rational-
scientific ideals of EIA; i.e. in a similar fashion as that of Culhane et al. (1987) discussed previously. 
 
Many  authors  have  commented  on  the  nature  of  EIA  predictions  and  made  suggestions  for  how  impact 
prediction processes and techniques could be improved in future practice (eg. Beanlands and Duinker 1983, 
Duinker and Beanlands 1986, Clark et al. 1987, Davies and Sadler 1990, Lincoln-Smith 1991 and Leon 1993). 
Munro et al. (1986) identified two main reasons why improved impact prediction is warranted. The first reason 
arises from known examples of adverse environmental effects of development where it is assumed that these 
effects might have been avoided if they had been accurately predicted in a way that commanded credibility. 
The second reason relates to a perceived human desire to improve performance where the need to predict 
accurately  is  seen  as  a  challenge  to  skill  and  knowledge.  These  authors  suggested  that  if  environmental 
predictions were improved then better environmental management could be achieved plus a greater knowledge 
of the structure and functioning of ecosystems than is currently the case (Munro et al. 1986). 
 
A  major  criticism  of  EIA  predictions  is  the  lack  of  scientific  credibility  behind  prediction  techniques 
(Fairweather 1989) which results in high levels of uncertainty for decision-makers (Environmental Resources 
Limited 1985, Bell 1987). It should be noted, however, that some level of uncertainty is inevitable when dealing 
with the future (i.e. making predictions). The lack of science found in EIA predictions is often related to the 
content of individual impact predictions and the manner in which they are presented. Tomlinson and Atkinson 
(1987b),  for  example,  found  that  predictions  are  often  poorly  stated  or  of  little  value.  They  advocate  that 
predictions should be written in a manner which facilitates follow-up and evaluation by clearly presenting the 
following information: 
  the variable to be subject to an impact; 
  the magnitude of the impact including its geographical extent; 
  the timescale of the impact; 
  the predictive technique used including the use of expert judgement; 
  the probability of occurrence; 
  the significance of the impact; and 
  the confidence to be placed in the prediction. 
These desirable attributes of impact predictions in the context of a rational model of EIA are not limited to the 
work of Tomlinson and Atkinson (1987b), but are also commonly identified in the literature cited previously 
including the work of Culhane et al. (1987). Before examining the extent to which impact predictions have been 
found to satisfy rational ideals, the factors that may influence the quality of impact predictions in the first place 
are examined in the following discussion. 
 
A contributing factor to the production of EIS documents in the United States containing poorly formulated 
impact predictions was identified by Schaeffer et al. (1993) who noted a weakness with the NEPA requirement 
for  the  preparation  of  EIS  documents.  They  suggest  that  a  major  problem  arises  from  the  guidelines  for 
implementing NEPA which do not specify how the technical assessments are to be made (i.e. the implication is 
that the absence of a requirement for a scientific approach to EIA has meant that it has not been undertaken in 
practice). These authors argue for a consistent, systematic approach to predicting impact type, magnitude and 
duration which should be based on ecosystem state or condition. Specifically they advocate the use of a Study 
Design  Assurance  which  provides  a  systematic  approach  to  scientific  data  collection  and  information 
acquisition.  This  process  involves  phrasing  EIS  objectives  in  terms  of  selected  qualitative  and  quantitative 
criteria for which technical data can be collected. The outcome of such a process is intended to be scientifically 
credible impact predictions, which in turn would be consistent with rational notions of EIA practice.   15 
 
As with the work of Culhane et al. (1987) discussed in Section 2.4.1.1, many of the authors who have commented 
on the nature of EIA predictions had previously undertaken empirical studies specifically examining impact 
predictions. The following discussion relates to the findings of these studies. 
 
In their audit of artificial waterway projects, Bailey et al. (1992) found that 91% of predictions did not indicate a 
timescale in which the predicted impact was expected to occur. Similarly, the majority of predictions (88%) 
were found to be expressed qualitatively with only 12% expressed in quantitative terms. Similar results have 
been reported by other researchers such as Culhane et al. (1987), discussed previously, and (Bernard et al. 1993) 
who found roughly 70% of predictions in a sample of 239 water quality predictions for 11 hydroelectric projects 
to be qualitative. The results of these studies indicate that the majority of impact predictions examined do not 
meet  rational  expectations  with  respect  to  impact  quantification,  although  whether  rational  analysis  was 
applied in relation to these impact predictions has not been reported. 
 
Other researchers have simply commented on the nature of impact predictions without recourse to compiling 
numerical data. Munro et al. (1986) for example, in a review of relevant literature and of 10 follow up studies of 
EIAs undertaken in Canada reported that for only one case study reviewed was there a quantitative prediction, 
but did not indicate the number of other predictions encountered. 
 
In addition to their perceived utility for environmental planning and decision-making purposes, one reason for 
seeking the use of quantification in impact predictions relates to the apparent ease of audit and follow-up with 
respect to testing the accuracy of predictions in practice. Bernard et al. (1993) reported on an apparent rough 
relationship between the degree to which predictions are quantitative and their testability. They found, for 
example, that impact predictions on climate tended to be about 20% quantitative and about 20% testable while 
predictions on morphometry and hydrology were about 50% quantitative and 40% testable. They concluded 
that to ensure that predicted changes can be examined for accuracy, it is important that as many predictions as 
possible be formulated in quantitative terms or at least explicit qualitative terms. 
 
The utility of quantitative predictions has been strongly advocated by Duinker (1985) who argues in a paper 
entitled "Better Quantitative and Wrong Than Qualitative and Untestable" that even if a quantitative prediction 
proves to be wrong, it is more useful to the application and advancement of EIA than an untestable qualitative 
prediction. The primary rational for quantitative predictions is that if the scientific element of EIA is to be 
substantially improved, then a perceived preoccupation with descriptive studies must be largely replaced with 
a quantitative approach. Quantification requires measurement and the objectivity inherent in measurement is 
one of the hallmarks of science (Beanlands and Duinker 1983). This position is open to challenge with respect to 
the  opportunities  for  rational  analysis  in  EIA.  There  is  little  point  in  having  scientifically  rigorous  impact 
predictions if the process in which EIA decisions are made is not a rational one. While qualitative predictions 
may  fail  rational-comprehensive  expectations  of  impact  prediction  processes,  they  may  still  be  utilised  in 
rational analysis of proposals and alternatives during EIA decision-making.  
 
Other rational benefits of impact quantification have been identified. For example, Court and Wright (1994) 
make  a  link  between  quantitative  predictions  and  options  for  improved  feedback  during  monitoring  and 
auditing programmes. They recommend that environmental predictions be quantified and summarised in each 
EIS.  The  summary  lists  of  predictions  would  then  be  included  in  monitoring  programmes  to  improve  the 
feedback of useful information. To enable proper quantification of EIA predictions, Court and Wright (1994) 
state that it is necessary to test the accuracy of such predictions in practice so that the results can be used to 
assess  the  efficacy  of  environmental  safeguards  incorporated  in  a  proposal  for  any  necessary  ongoing 
refinement, and to use the knowledge gained in any future EIA application of a similar nature. 
 
In contrast to these authors who advocate impact quantification as a means of improving information feedback 
on EIA, Luecht et al. (1989) reported that 60% of both quantitative and qualitative predictions examined in their 
study could be classified "as predicted or better than predicted". They concluded that both quantitative and 
qualitative predictions could be useful when evaluating the same environmental issue. Bailey and Hobbs (1990) 
held a similar view arguing that the utility of predictions does not depend on their strict auditability (i.e. being 
framed as precise testable hypotheses) when they are viewed in the context of practical decision-making. They 
suggest that "better qualitative and useful than quantitative and wrong" may be a more appropriate approach. 
This  position  is  consistent  with  the  findings  of  an  earlier  study  by  Munro  et  al.  (1986)  who  examined  the 
language of predictions in some detail and concluded that although predictions are usually imprecise, it does 
not mean that they are not useful. They also noted though that the imprecision of predictions did make them 
difficult  to  audit  with  any  degree  of  confidence.  Munro  et  al.  (1986)  suggest  that  prediction  should  be 
undertaken in the context of environmental science which deals with ecological and social systems that are 
broad  in  scope  and  complexity  and  may  not  enable  traditional  rigorous  scientific  pursuit.  While  precise 
predictions make an auditor's job easier they may be misleading in terms of being too narrow in scope and 
complexity and as a result, may be too narrow to contribute significantly to a comprehensive environmental 
assessment  process.  These  authors  seem  to  be  implying  that  rational-scientific  expectations  of  the  impact 
prediction process may in fact be inadequate in terms of scope. It would appear that a rational-comprehensive 
approach to impact prediction would represent a more suitable model for these authors. 
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Several authors have reported on the manner in which impact predictions are made. Bailey et al. (1992) found 
that  nearly  two  thirds  of  all  predictions  were  formulated  using  predictive  methods  based  upon  a  general 
knowledge of the subject or local experience and/or literature review only. A similar result was reported by 
Bernard et al. (1993) who found the majority of 239 water quality predictions for 11 hydroelectric projects to be 
the result of either consulting a reference text or simply making a logical conclusion. A similar investigation 
was undertaken by Leon (1993). In examining the impacts presented in a random sample of 38 EIS documents 
filed in the United States the author categorised them with respect to a nine level hierarchy. The individual 
elements of this hierarchy effectively represent different levels of scientific rigour of the prediction process. 
Leon (1993) identified the most common methods of impact analysis as: 
  judgement or declaration (50%); 
  tally or inventory of current conditions (14%); and 
  dismissal of the impact or postponement of its analysis (12%). 
Similar results were evident in the work of Bernard  et al. (1993) who reported that only about 30% of the 
predictions they examined had been formed using field data, experimental work or computer modelling. What 
all of these studies clearly demonstrate is that the impact prediction processes utilised in EIS preparation mostly 
do not correlate with rational model expectations. 
 
While Bailey et al. (1992) recorded relatively few artificial waterway predictions based on models, a statistically 
significant proportion of these predictions were found to address important issues directly, while predictions 
utilising only general knowledge addressed proportionally more non-key issues. This finding suggests that the 
EIS writers made more effort to research and predict impacts of higher perceived significance. This result is 
consistent with the expectations of a rational process (i.e. that the most important issues would command the 
most rigorous impact prediction methodologies available). 
 
Bell (1987) used an interesting approach for the classification of 627 predictions derived from 60 Australian 
impact statements. This approach focussed on the predictive technique utilised, the adequacy of data and the 
associated source of uncertainty (see Table 2.2). The "assumed reliability rating" in Table 2.2 which presents 
"typical errors" is based on the authors own experience with quantitative models for predicting streamflows, 
extreme rainfall, water and air pollution concentrations and animal populations (Bell 1987). 
 
As for the findings of other research discussed previously, the most frequent type of prediction in the sample 
was  found  to  be  qualitative,  subjective,  and  based  mainly  on  expert  opinion.  Bell  (1987)  was  hopeful  that 
recognition and appreciation of these circumstances by the EIA profession would lead to improvements in both 
the predictive techniques used and the use of impact predictions for decision-making. 
 
One means of improving the formulation of impact prediction with respect to rational expectations of EIA is to 
utilise the results of previous experience made possible from environmental monitoring programmes. Krawetz 
et al. (1987) found that monitoring from existing projects was rarely used in prediction formulation for new 
projects and noted a tendency instead for EIA practitioners to just rely on using other EIS documents and their 
predictions. Greene et al. (1987) advocate the use of monitoring and evaluation from existing and past projects 
for the assessment and review of new projects in order to reduce the need for or limit the scope of impact 
predictions. They suggest that the experience gained from evaluation of existing projects may be more useful 
for impact management (eg. in terms of project design changes to minimise impacts, contingency planning, 
ongoing  operational  management  practices,  compensation  measures  etc.)  than  are  new  predictions.  They 
propose the use of monitoring and evaluation results rather than new impact predictions as being particularly 
relevant for project expansions requiring a new EIA procedure or for analogous new projects that are similar in 
type, scale or location to existing projects for which results are available (Greene et al. 1987). Such an approach 
would be consistent with rational notions of EIA because it emphasises learning from experience and ongoing 
improvement to predictive techniques. 
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Nature and Basis of Prediction 
Assumed Reliability 
(typical errors in 
brackets) 
Sample of Predictions 
(Total: 627) 
Comprehensive  quantitative;  attempts  to 
allow  for  most  factors;  based  on 
satisfactory information. 
Moderate 
(10%-25%) 
7.7% 
Simplified  quantitative;  some  factors 
ignored  or  treated  subjectively;  based  on 
satisfactory information. 
Moderate to Low 
(25%-50%) 
16.8% 
Simplified  quantitative;  similar  to  above 
but  based  on  inadequate  or  disputed 
information. 
Low 
(>50%) 
6.1% 
Comprehensive  qualitative;  strong 
justification  based  on  inference  and 
satisfactory information. 
Moderate 
(10%-25%) 
15.6% 
Qualitative;  based  mainly  on  expert 
opinion. 
Moderate to Low 
(25%-50%) 
25.0% 
Qualitative  with  little  justification;  based 
on inadequate or disputable information. 
Low 
(>50%) 
10.8% 
Obvious  or  indisputable  consequence; 
follows  directly  from  proposed 
development. 
High 
(<10%) 
18.2% 
     
Table 2.2: Types of Prediction and Assumed Reliability in EIA. Source: Bell (1987) 
 
Some researchers have examined the stated or implied probability of impact predictions. Prediction probability 
refers to the probability that the impact, as worded in the prediction, will occur. Bisset (1984) defined useful 
categories  of  probability  ranging  from  "no  obvious  probability"  through  "low",  "moderate"  and  "high" 
probabilities to "certainty" based on the specific wording or implied meaning of predictions. Bailey and Hobbs 
(1990) and Hobbs et al. (1990) used a similar approach but separated the "certainty" category into "certain to 
occur"  and  "certain  not  to  occur".  In  both  publications,  the  authors  made  no  indication  of  the  number  of 
predictions for which the probability of impact occurrence was specifically stated. However, the dependence 
upon the actual wording of predictions to determine prediction probability in a similar fashion to the method 
utilised  by  Culhane  et  al.  (1987)  discussed  previously,  implies  that  this  result  was  low.  In  terms  of  the 
proportion of predictions for which no prediction probability could be ascertained, Bisset (1984) recorded this 
figure at 17% and Hobbs et al. (1990) at 7%. These results do not support rational ideals of impact predictions 
where it would be expected that the probability of an impact occurring would be specifically stated. 
 
While the studies of impact predictions discussed here have utilised a variety of approaches and have not 
necessarily  specifically  sought  to  test  the  extent  to  which  EIA  predictions  conform  with  rational  model 
expectations, they have all produced similar findings within this context. Based on this EIA research overall, the 
extent to which the nature of EIS predictions conforms to the ideal prediction approach advocated for a rational 
model of EIA would appear to be very low. This overall finding is supported by the empirical research of 
Culhane et al. (1987) discussed previously. What all of these studies have indicated is that specific components 
of the EIA process (i.e. impact predictions) do not conform with rational model expectations. However, none of 
these studies has determined whether the overall EIA process itself is a rational one. The assumption appears to 
be that if the content of individual components is not rational, then by extrapolation the overall process cannot 
be a rational one. This assumption fails to consider the nature of analysis undertaken by EIA practitioners and 
in particular decision-makers based upon the individual components of the process. There is no evidence to 
suggest that rational decisions cannot be made based upon qualitative or other types of impact predictions that 
do not conform with rational model expectations. 
 
 
Impact Prediction Formulation Techniques and Predictive Accuracy 
 
Another  approach  to  testing  the  rationality  of  EIA  predictions  is  to  audit  or  evaluate  the  effectiveness  of 
predictive techniques used in their formulation by determining predictive accuracy. Compared to an evaluation 
of  the  nature  of  impact  predictions,  this  approach  requires  knowledge  of  actual  impact  outcomes.  The 
terminology used to describe audits of predictive accuracy is variable. Canter (1985) refers to "impact prediction 
audits" which are designed to identify and quantify environmental changes that occur as a result of a project 
while  Tomlinson  and  Atkinson  (1987a)  refer  to  this  process  as  a  "predictive  techniques  audit".  Both  audits 
require a comparison of actual consequences with the predicted environmental impacts of a project to enable 
the accuracy and utility of the predictive techniques used to be evaluated. One purpose of this is to improve 
predictive techniques and EIA methods over time. It is intended that the evaluation of the error limits of a 
particular predictive technique (eg. a modelling process), may contribute to the improved use of that technique 
in future applications. A second purpose concerns impact predictions for which no impact occurred. An audit 
of predictive techniques can determine how or why this situation arose. In some instances this will mean that a   18 
particular predictive technique was effective (i.e. a prediction that did not expect an impact to occur and was 
accurate) while in other cases a predictive technique may be found to be defective (i.e. a prediction that did 
expect  an  impact  to  occur  and  was  inaccurate).  In  response  to  the  perceived  need  to  improve  predictive 
techniques, several researchers have prepared guidelines and handbooks for preparing EIA predictions aimed 
at improving future practice (eg. Environmental Resources Limited 1985, Duinker and Baskerville 1986, Jeltes 
and Hermens 1990). These studies and the use of predictive techniques auditing all have at their heart a goal to 
improve the science of impact prediction and thus are supportive of rational perspectives of EIA. 
 
Court and Wright (1994) state that any mechanism which improves the ability to accurately predict impacts will 
benefit all parties involved in the EIA process resulting in better environmental protection. As more confidence 
can be placed on the accuracy of predictions of impacts and their relationship to management controls and 
costs,  resources  will  not  be  wasted  on  unnecessary  safeguards  and  controls  and  conversely,  on  costly 
unpredicted or under-predicted environmental impacts. In other words, greater confidence in the predictions 
will  allow  optimal  design  of  management  measures  to  achieve  the  level  of  protection  required  (Court  and 
Wright 1994). This notion is consistent with rational ideals for environmental planning and decision-making. 
The following discussion presents the results of empirical studies that have sought to evaluate the accuracy of 
impact predictions. 
 
Many researchers have undertaken audits and evaluation studies of the accuracy of impact predictions. These 
essentially test the rationality of the impact predictions, upon which environmental planning and decision-
making depends, with respect to their reliability. 
 
Many audit studies have reported on empirical evaluations of prediction accuracy. For example in descending 
order of recorded prediction accuracy: 
  Luecht et al. (1989) recorded prediction accuracy at 80%; 
  Bailey et al. (1992) at 78% of auditable predictions; 
  Bernard et al. (1993) at 70-75% of water quality, morphology and hydrology impacts within a subset of 
aquatic resource predictions; 
  Bisset (1984) at 47%; 
  Buckley (1991) at 44%(±5%) for the quantified, critical and testable predictions; 
  Henderson (1987) recorded 44% of predictions as being correct with an additional 10% partially correct or 
uncertain; and 
  Culhane et al. (1987) at 30% being "fairly accurate". 
While it is interesting to consider the results of the various studies, it would be misleading to make any direct 
comparisons of the findings as different approaches to EIA auditing have been adopted in each case. However, 
the picture that emerges from these collective studies indicates that impact predictions are frequently found to 
be  inaccurate.  Even  where  a  relatively  high  rate  of  predictive  accuracy  has  been  recorded,  during  project 
assessment and decision-making, there is no way of knowing in advance which of the impact predictions are 
going to prove to be accurate in practice. This uncertainty suggests that decision-makers need to view impact 
predictions with considerable caution and not base their assessment entirely on them. Some of the results of 
these studies are now discussed in further detail. 
 
Luecht et al. (1989) utilised an accuracy classification system that gave some indication of actual environmental 
performance. Predictions were compared with actual impacts and coded as one of the following (proportion 
indicated in brackets): 
A: As Predicted or Better Than Predicted (64%). This code represents an accurate prediction of impacts. If no 
prediction was made and the investigator mentioned that no impact had occurred, then code A was used; 
B:  Prediction Not Sustained (6%). This code represents an inaccurate prediction of impacts. In cases where the 
actual findings were worse than predicted code B was used; 
C:  No Impact Concerns (16%). This code represents parameters that were considered not an issue. If no impact 
or no significant impact was implied as a prediction and the field investigator did not find any actual impact 
then code C was used; and 
D: Conclusion Now Would Be Premature (15%). This code represents a prediction in which the accuracy could 
not be determined (eg. where a timeframe existed beyond the scope of the study or in cases where lack of 
monitoring data meant that predictions could not be verified). 
Luecht et al. (1989) then sought to determine the overall effectiveness in predicting impacts accurately which is 
given as a range that incorporates those predictions classified as either code A, C or D. The lower end of the 
range is the percentage of code A predictions plus the percentage of code C (i.e. overall the predictions are at 
least as accurate as this) and the highest percentage of accuracy that could be achieved would be if all code D 
predictions  were  to  become  accurate  in  addition  to  the  existing  code  A  and  C  predictions.  The  authors 
quantified these results and concluded that the effectiveness in making accurate predictions for the study was 
in the range of 80% to 95%. This represents the highest accuracy rating noted in the available EIA literature on 
this subject. 
 
Buckley (1989) examined prediction accuracy in terms of the severity of the recorded impact compared to the 
prediction, in an audit of Australian EIS documents. It was found that actual impacts proved as or less severe 
than predicted for 72% of the predictions and more severe for 28%. An evaluation of the accuracy (or precision   19 
in the terminology of the author) of impact prediction was made which was defined as the ratio between the 
actual and predicted magnitude of impacts, with the smaller of the two as the numerator. Using this definition, 
the accuracy of the 173 audited predictions ranged from 0.02-100% in cases where actual impacts were less 
severe  than  predicted,  and  0.16-96%  in  cases  where  actual  impacts  were  more  severe.  The  data  were  then 
subjected to some statistical tests to calculate aggregate measures of accuracy. It was found that predictions 
where  actual  impacts  proved  more  severe  than  expected  were  on  average  significantly  less  accurate  (by 
33%±9%) than those where they proved as or less severe (by 53%±6%) (Buckley 1989). It was concluded that, in 
Australia at least, predictions are less than 50% accurate on average and over two orders of magnitude out on 
occasion (Buckley 1991). 
 
Other researchers have reported on prediction accuracy but not quantified their results. Eddlemon et al. (1993), 
for example, found that impacts to aquatic and terrestrial resources for which data were adequate for analysis 
generally  occurred  as  predicted,  although  several  actual  impacts  differed  substantially  from  the  original 
predictions and a few actual impacts were identified which had not been predicted at all. 
 
Bernard  et  al.  (1993)  found  that  impacts  involving  biological  resources,  particularly  higher-order  impacts, 
tended to be less accurate than others. They suggested that prediction accuracy depends on the number of 
conceptual  links  in  the  underlying  impact  hypothesis.  The  longer  the  chain  of  linkages,  the  greater  the 
probability  of  generating  an  inaccurate  prediction  and  the  greater  the  challenge  in  determining  why  a 
prediction failed. 
 
Hobbs et al. (1990) made various comparisons between predictive accuracy and other prediction attributes (eg. 
the nature of impact predictions discussed previously) in an attempt to explain any reasons for the accuracy 
rating achieved. However, it was found that the ratio of accurate to inaccurate predictions applied over all 
comparisons. The researchers concluded that neither the type of predicted impact, its significance, the wording 
of the prediction, nor the basis of the prediction had any significant effect on prediction accuracy (Bailey et al. 
1992). A similar finding was also reported by Culhane et al. (1987). In contrast Bisset (1984) reported that a 
significant  number  of  predictions  made  with  a  high  level  of  certainty  turned  out  to  be  accurate.  There  is 
insufficient detail available on the methodologies and specific findings of these studies (eg. on a prediction by 
prediction basis) to be able to explain the different results recorded for individual studies. However, an overall 
trend that emerges is that there is scant evidence to suggest that the basis of impact predictions with respect to 
the rational ideal has any bearing on subsequent accuracy. 
 
Predictive accuracy can be determined in one of two principal ways which vary with respect to the assessment 
of the actual environmental performance of projects. Audit studies that focus on the accuracy of predictions 
themselves as one approach to examining the effectiveness of EIA are working forwards from the EIS itself to 
the project outcomes. Predictive accuracy can also be determined in reverse whereby impacts are identified and 
then the original EIA documents are consulted to see whether or not they were predicted to occur. This latter 
approach ignores the suite of accurate and inaccurate predictions for which no impact actually occurred while 
adding any new impacts that were not recorded in the original EIA predictions. 
 
Out of a total of 77 impacts recorded for their audited projects, Bailey et al. (1992) found that approximately half 
of the impacts were accurately predicted in EIS documents. Of those not accurately predicted, approximately 
equal  numbers  of  impacts  were  inaccurately  predicted  or  were  not  considered  in  any  predictions.  In 
comparison to this finding, Bisset (1984) reported that only "a few" impacts of development were omitted from 
EISs, while Culhane et al. (1987) recorded only three unanticipated impacts out of 29 projects audited. 
 
In further examining the importance of the observed impacts, Bailey et al. (1992) found a statistically significant 
relationship with predictive accuracy for those impacts that were not accurately predicted in the first place. 
Impacts that represented important issues were more often the subject of inaccurate predictions, whereas those 
that did not represent important issues were more often not predicted at all. This means that even though they 
may not have been predicted correctly, important issues and impacts were nearly always highlighted in EIA 
predictions. Hence, important issues were at least identified to EIA decision-makers providing the opportunity 
for appropriate management controls to be implemented to deal with the issue should it occur in practice. The 
results of Bailey et al. (1992) have application to an alternative management model of EIA discussed in Section 
2.5. 
 
The benefit of striving for a high level of predictive accuracy has been questioned by some researchers. For 
example,  Munro  et  al.  (1986)  suggested  that  given  the  complexity  of  ecological  systems  and  incompatible 
timeframes with project planning and design activities, it was unreasonable to expect a high level of accuracy 
from predictions. They stated that what is important from prediction is to understand the likely direction and 
magnitude of environmental change that will result from development. This will enable indicators of change to 
be recognised when they occur and for the appropriate environmental management response to be undertaken. 
This  perspective  reinforces  the  notion  that  rational  analysis  can  occur  during  EIA  even  if  individual 
components of the process do not in themselves satisfy rational model expectations. 
 
A principal trend that emerges from the EIA literature addressing prediction accuracy is that while a high rate 
of prediction accuracy is desirable, this has not been achieved in practice for the empirical studies reported on.   20 
This result seriously challenges the science of impact prediction and thereby questions the rational basis of EIA 
prediction processes. Combined with the results evident for evaluations of the nature of predicted impacts, 
nature of impact predictions and impact prediction techniques, the overall picture that emerges is that impact 
predictions and hence the EIS documents that utilise these are not representative of rational models for EIA 
procedures. These studies have only commented on individual parts of the process and have not considered the 
nature of the overall process. The evaluation of rational models of how EIA functions in practice is continued in 
the following section with consideration of compliance and mitigation issues. 
 
 
2.4.1.3  COMPARING  PROJECT  IMPLEMENTATION  STATUS  WITH  PRE-DEVELOPMENT  EIA 
PROPOSALS 
 
In  addition  to  investigating  impact  predictions  with  respect  to  testing  the  rational  model  of  EIA,  another 
important test concerns the implementation phase of EIA to see whether projects have been implemented in the 
manner  that  they  were  planned.  In  a  rational  process  the  project  management  actions  established  during 
environmental planning and decision-making would subsequently be implemented as intended in order to 
manage and protect the environment. These project management factors may include a number of specific areas 
such as project design components, proponent management or mitigation commitments and binding conditions 
of  approval  determined  by  EIA  decision-makers.  The  process  of  follow-up  of  the  implementation  of 
environmental management actions once projects are implemented can take two major forms. The first is often 
referred to as compliance auditing, whereby the extent to which proponents comply with the requirements of 
EIA  decision-makers  is  tested.  The  second  relates  to  evaluations  of  the  effectiveness  of  the  environmental 
management measures proposed during the pre-development stages of EIA and subsequently implemented 
when a project proceeds. These are discussed in turn. 
 
A  compliance  audit  can  be  undertaken  to  determine  whether  or  not  the  EIS  commitments  for  project 
construction and management plus any approval conditions established by EIA decision-makers have been 
implemented  or  not.  Bailey  and  Hobbs  (1990)  defined  four  classes  of  "yes/no"  options  for  determining 
compliance. The "yes" category was separated into "yes in detail" and "yes in part" for recording the degree of 
compliance with a proposed action as specified in the EIA documents, "yes in effect" for a management action 
which achieved the same objectives but utilised a different method or procedure, and a single "no" category for 
proposed actions that were not implemented in practice. In the results of their compliance audit Bailey et al. 
(1992) reported a high level of compliance with only 22 out of a total of 193 conditions not undertaken. It is 
important to note that not all of these conditions were legally binding with some retaining recommendation or 
voluntary commitment status only. In other unquantified accounts, Reed et al. (1983), Culhane et al. (1987) and 
Zallen  et  al.  (1987)  reported  similar  results  with  most  mitigating  measures  being  complied  with  for  their 
respective studies. Bailey et al. (1992) found compliance to be proportionally higher for those conditions that 
were legally binding compared to those that were not. For the non-binding conditions, there was no difference 
in compliance between those that originated as voluntary commitments in EISs and recommendations made by 
the EIA Review Body (Bailey et al. 1992). These results imply a link between the legal status of EIA and project 
implementation whereby legally binding approval conditions are more likely to be undertaken. 
 
Overall, the reports of compliance in the EIA literature suggest that projects have largely proceeded according 
to the way they were intended during the planning and decision-making stages of EIA. This result would 
appear to be strongly supportive of rational notions of EIA; i.e. that projects proceeded in a logical and pre-
planned manner. 
 
An  aspect  of  project  implementation  relevant  in  part  to  compliance  auditing  concerns  the  effectiveness  of 
environmental management measures established by EIA planning and decision-making. Here the emphasis is 
on actual project outcomes in terms of environmental performance as opposed to procedural compliance. In the 
EIA literature activities undertaken to address adverse impacts (eg. to avoid or minimise them) are typically 
referred to as mitigation measures. In this research, the term environmental management is used in this context.  
 
The  importance  of  understanding  the  role  of  environmental  management  measures  has  been  discussed  by 
Daniels and Kelly (1991) in relation to the NEPA process in terms of determining whether or not an EIS is 
required  for  projects.  Inclusion  of  environmental  management  measures  into  a  preliminary  EIA  document, 
known as an Environmental Assessment (EA), may result in a Finding Of No Significant Impact (FONSI) being 
supported thereby avoiding the need for an EIS to be prepared. In other words, environmental management 
can be proposed as a means of avoiding the full EIA process under NEPA. The trend to increasingly use EAs as 
tools to manage environmental impacts for individual projects is also noted by Dickerson and Montomery 
(1993). It is crucial, therefore, to know that proposed environmental management measures have successfully 
been implemented. Roelle and Manci (1993) stated that successful environmental management requires that 
recommended measures be accepted, implemented correctly and be environmentally effective. 
 
One component of environmental management effectiveness concerns the actual feasibility of implementing 
proposed  management  measures.  Elkin  and  Smith  (1988)  found  appropriate  mitigating  measures  to  be 
identified in all EIS documents examined in their study but found them to be discussed only generally and not 
formulated in practical terms (eg. dollars and person-time needed to implement them).   21 
 
Sands  Sr.  (1993)  advocated  the  use  of  "environmental  compliance  plans"  as  a  means  of  determining  the 
effectiveness of environmental management measures. The specific purposes of the environmental compliance 
plan are to: 
  identify all of the EIA commitments and requirements (i.e environmental management actions) pertaining to 
a project or site; 
  set forth the measures and techniques that will be used to satisfy these; 
  provide  the  requirements  that  will  be  used  to  determine  the  environmental  adequacy  of  design  and 
construction documents; 
  provide an environmental permit compliance schedule and indicate the dependencies between agencies and 
the design/procurement process; and 
  identify the monitoring activities required to verify the effectiveness of environmental management actions. 
The author concluded that from a management perspective, the use of environmental compliance plans was 
effective,  when  applied  to  the  EIA  of  a  superconducting  super  collider  project  in  Texas,  in  tracking  how 
environmental commitments were implemented. Some of the main advantages were in avoiding the need for 
managers  to  sift  through  large  environmental  documents  to  extract  the  relevant  information,  providing  a 
consistent application of requirements and enabling designers to develop cost-effective solutions that satisfy 
environmental requirements (Sands Sr. 1993). 
 
A similar approach to the use of environmental compliance plans is utilised during EIA in Western Australia. 
For particularly large or complex projects, there is sometimes a requirement for the proponent to prepare an 
Environmental Management Programme (EMP) after the EIA decision-making process has been completed, but 
prior to project implementation. The EMP provides final information on the proposed project for cases in which 
complete details were not available during the preparation of the original EIS documents, and outlines very 
detailed and specific environmental management and monitoring programmes (Wood and Bailey 1994). While 
not specifically intended for compliance purposes, the use of EMPs enables specific environmental management 
responsibilities to be determined without recourse to EIS documents (which tend to be large multi-volume 
documents for complex projects) and assessment reports by EIA decision-makers. 
 
Care needs to be exercised when evaluating the effectiveness of environmental management activities. Where 
environmental management measures have been unsuccessful, it may be difficult to determine whether this is a 
result of poor impact management or a consequence of inaccurate prediction. Davies and Sadler (1990) suggest 
that determination of the responsible cause can only be accurately resolved when the nature and predicted 
effect of environmental management is stated explicitly (i.e. during EIA it is important to not only predict the 
potential impacts of a proposal but also what these potential impacts are expected to be when appropriate 
environmental  management  measures  are  implemented).  Situations  where  environmental  management 
measures have been implemented but variation between monitoring results and predictions are evident may 
arise  from  either  ineffective  management  or  inappropriate  management.  Ineffective  environmental 
management is likely to be the result of poor practices while inappropriate environmental management may be 
the result of bad management programme design in the first place. This, in turn, could be the consequence of 
misinformation, misinterpretation, a skill deficiency or an inaccurate prediction in the first place (Davies and 
Sadler 1990). 
 
Moncrief et al. 1987) undertook an environmental performance audit of several pipeline projects in Canada 
which examined the implementation of environmental management measures. They found that the success of 
management procedures remains largely dependent on the attitude of contractors responsible for construction 
towards  the  environment  and  their  cooperation  with  the  environmental  inspection  staff.  Effective 
implementation  of  environmental  management  measures  requires  good  judgement  and  environmental 
awareness.  The  most  effective  means  of  environmental  management  for  the  pipeline  projects  was  initial 
avoidance of sensitive features or areas through careful route selection. The researchers also found that many 
environmental management procedures were often relatively inexpensive, representing an insignificant cost in 
pipeline construction, and were often adopted simply as good construction practices (Moncrief et al. 1987). 
 
Moody  and  Morgan  (1987)  evaluated  the  effectiveness  of  environmental  management  activities  for  a  port 
expansion project in Canada. The recommendations of the EIA Review Body were used as objectives to guide 
project implementation activities. The researchers reported that by refining the recommendations to the realities 
of the project during the construction and post-construction periods, the usefulness of the recommended actions 
was  increased  and  resulted  in  improved  linkage  between  predicted  impacts  and  responsive  environmental 
management . The ability to adjust management activities on the basis of monitoring results and learning from 
experience enhanced the effectiveness in managing the impacts of the port expansion. The authors concluded 
that flexibility to interpret and refine EIA results and recommendations is an essential element of effective 
implementation. 
 
Phillips and Langford (1987) reviewed the environmental management system for twelve major construction 
projects undertaken in Canada by examining the regulatory arrangements which applied to the project and 
assessing  the  design  and  implementation  of  the  proponents'  environmental  management  programme 
developed in response to them. By examining the implementation phase of the programmes, the adequacy of all 
components  was  determined.  A  qualitative  determination  of  success  or  failure  for  each  environmental   22 
programme was made based on its effectiveness in resolving problems and by the degree of consensus on 
environmental issues between proponents and regulatory authorities. 
 
Roelle and Manci (1993) made an assessment of environmental management effectiveness for 61 case studies of 
which 33 (54%) were judged to be mostly or completely effective, 18 (30%) partially effective and 10 (18%) 
mostly or completely ineffective. Within these case studies the researchers were able to provide an estimate of 
environmental  management  effectiveness  for  151  out  of  slightly  over  200  individual  environmental 
management  recommendations  directed  at  fish  and  wildlife.  Overall,  66%  were  judged  to  be  mostly  or 
completely effective, 19% partially effective and 16% mostly or completely ineffective, a similar finding to that 
for  the  case  studies  as  a  whole.  The  researchers  found  no  obvious  differences  in  the  effectiveness  of 
environmental management for recommendations to avoid or reduce impacts, recommendations to compensate 
for impacts and recommendations to both reduce and compensate for impacts. 
 
Having explored studies related implicitly to the rational model of EIA, the following section considers an 
alternative model of EIA. 
 
 
2.4.2  EXTERNAL REFORM MODEL OF EIA 
 
This section examines the external reform model of how EIA functions in practice as proposed in the body of 
literature discussing EIA theory. The external reform model of EIA suggests that environmental planning and 
decision-making  is  significantly  influenced  by  the  imposition  of  external  pressures  upon  EIA  practitioners. 
These pressures may originate from a variety of sources including: 
  government agencies reviewing EIA documents during consultation procedures; 
  action by private individuals, environmental groups or local organisations; and 
  through judicial review. 
Under  this  model,  proponents  and  decision-makers  ensure  they  comply  with  the  requirements  of  EIA 
procedures in response to external pressures. These may include the real or perceived threat of litigation either 
by an appropriate government agency using its available powers to ensure that EIA is implemented correctly or 
members of the public who pursue court action against a proponent or decision-maker. More generally external 
pressure  may  originate  from  the  fear  of  negative  publicity  that  may  be  generated  by  an  unsatisfactorily 
implemented project. Further details on these influencing external factors and their effect on the development 
and  implementation  of  particular  EIA  process  is  provided  in  the  following  discussion  drawn  from  the 
international EIA literature. 
 
Wichelman (1976) undertook one of the earliest studies of EIA that recorded the influence of external pressures 
on Federal agencies in the US responsible for implementing NEPA requirements. He identified a framework 
comprising  four  general  phases  of  implementation  activity  observed  during  the  early  years  of  NEPA's 
operation. The phases, which were noted to occur as a progression with movement by an agency from one 
phase to another, can be summarised as follows (Wichelman 1976): 
  Interpretive  Phase  in  which  agency  leaders  first  recognise  the  existence  of  the  NEPA  requirements  and 
implications; 
  Formal  Compliance  Phase  in  which  implementation  activity  focuses  on  establishing  procedural  and 
structural adaptations required to formally comply with the Act; 
  Integrated Planning Phase in which formal implementation activities are slowly integrated into ongoing 
agency decision-making procedures; and 
  Programmatic  Planning  Phase  in  which  environmental  values  are  integrated  into  the  formulation  of 
proposed agency legislation, programmes, policies and regulations. 
The four phases represent a transition from the initial presentation of new policies and procedures to an agency 
(i.e. the new NEPA requirements) which subsequently meet with some degree of organisational resistance to 
change, through to the eventual entrenchment of these policies and procedures into ongoing agency functions. 
 
Wichelman (1976) identified external pressures as being one of the driving forces behind an agency moving 
from the initial interpretive phase into a formal compliance phase. He notes that environmentalists were quick 
to respond to agencies activities during the interpretive phase with legal action in the Federal courts. Most of 
the legal action sought injunctions against proposed agency actions on the grounds of alleged non-compliance 
or inadequate compliance with NEPA procedures. The successful cases resulted in court orders forcing agencies 
to implement NEPA's procedural reforms and the Act's provisions. The research undertaken by Wichelman 
(1976) demonstrates that external pressures lead to significant reform in environmental planning and decision-
making under NEPA. 
 
In a similar study comparing the response of two federal agencies to NEPA requirements, Andrews (1976) 
reported that political pressures from external sources were the principal forces driving the implementation of 
NEPA. However, the sources and mixture of pressures differed for each agency. Andrews (1976) compared two 
water  resource  development  programmes  undertaken  by  the  Army  Corps  of  Engineers  and  the  Soil 
Conservation Service and the main findings for each are summarised here.  
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Due to the nature of its activities and position as a principal engineering agency, the Corps was subjected to 
immediate and continuing pressures to implement NEPA from environmental interest groups. This pressure, in 
the form of legal action, resulted in the Corps being sued repeatedly for noncompliance with NEPA in the early 
years of the Act coming into force (eg. six times within the first eight months). In addition to specific judicial 
decisions, the Corps was also subjected to adverse state or local review and public controversy. Consequently 
the Corps was quick to respond to NEPA requirements and their EIS documents were considered by the CEQ in 
1974 to be the best among Federal agencies (Andrews 1976). 
 
In contrast, the Soil Conservation Service was not subjected to overwhelming pressures to implement NEPA 
which Andrews (1976) suggests was probably due to its public perception as a conservation agency (despite the 
fact that it was engaged in almost identical projects to the Corps with respect to water resource development). 
The only concerted pressures on the Soil Conservation Service came from other Federal agencies and their 
constituencies  during  EIS  review  periods.  (Andrews  1976)  suggests  that  fish  and  wildlife  agencies  were 
traditional foes of the Soil Conservation Service's stream channelisation programmes who made use of NEPA's 
interagency review requirements to oppose those activities. The pressures exerted by other Federal fish and 
wildlife agencies resulted in significant improvements to the implementation of NEPA requirements by the Soil 
Conservation Service with the CEQ testifying in 1974 that the EIS documents produced by this agency were 
among  the  most  improved.  As  with  the  previous  examples  provided  by  Wichelman  (1976),  the  case  study 
results presented by Andrews (1976) provide strong evidence of the utility of external pressures in influencing 
the implementation of NEPA requirements.  
 
In  other  literature  on  the  external  reform  model  of  EIA,  the  use  of  legal  action  to  exert  influence  is  often 
discussed.  The  EIS  process  in  the  United  States  provides  legal  standing  for  citizen  involvement  in  Federal 
agency decision-making. The use of litigation has been commonly identified as a significant factor in shaping 
the evolving practice of EIA under NEPA, particularly in the early years of the Act (eg. Meyers 1976, Caldwell 
1982, Taylor 1984, Wandesforde-Smith and Kerbavaz 1988, Wathern 1988a and Culhane 1990). In later work, 
Culhane  (1993)  specifically  defined  an  "adversarial/litigation"  model  of  EIA  to  account  for  these  external 
pressures on environmental decision-making while Ortolano (1993) referred to this process as "judicial control" 
on project proponents and EIA. All of these studies have referred specifically to the implementation of NEPA 
requirements in the United States. Extrapolating this experience to other jurisdictions, where the legislative base 
of EIA provides for legal action by the public the opportunity may exist for external pressure from litigation or 
simply the threat of litigation to significantly influence the implementation of EIA. 
 
In addition to changes resulting from legal action, Taylor (1984) identifies the public review phase of EIA as 
providing  considerable  external  pressure  despite  it  being  an  inconsistent  and  intermittent  influence.  This 
external  pressure  works  through  the  process  of  criticism.  Taylor  (1984)  notes  that  the  content  of  public 
comments on EIS documents is often largely lacking in providing useful information or debate on particular 
environmental issues. However, he advocates that this does not mean that the public review process is not 
useful, particularly for the relatively few decisions people really want to challenge. For these cases, the public 
review process provides a forum for the kind of criticism that might not otherwise get widespread distribution. 
Taylor (1984) suggests that this provides an opportunity for adding the criticism of other government agencies 
to that of private citizens or groups, and that this places some degree of pressure upon the proponent agency to 
respond to the substance of the criticisms. Part of this pressure can arise simply from the fear of negative 
publicity (Culhane et al. 1987). 
 
Ortolano (1993) identified five other control mechanisms that can influence the implementation of EIA, three of 
which are consistent with the external reform model. These three; evaluative control, development aid agency 
control and direct public and outside agency control; are discussed in turn. 
 
Evaluative control builds upon procedural requirements for EIA (eg. statements, guidelines or regulations for 
how EIA should be undertaken) with the addition of provisions to force compliance with those procedures. 
Ortolano  (1993)  states  that  typically,  EIA  programmes  with  evaluative  control  require  a  government 
organisation to appraise a proponent's proposed project and implementation of EIA procedures prior to project 
approvals being granted. One of the main purposes for having an evaluative control process is to ensure that an 
EIA requirement is taken seriously by project proponents. Ortolano (1993) provides a detailed example of the 
use  of  an  evaluative  control  process  in  the  state  of  Rio  de  Janeiro  in  Brazil  and  reports  that  although  the 
outcomes of the project appraisal process are recommendations only, these have generally been adopted by 
decision-makers and a high degree of compliance with them has been achieved. 
 
Development aid agency control applies in many developing countries where there is no requirement to carry 
out EIA, but where foreign agencies donating or lending funds for large development projects and programmes 
require  an  EIA  to  be  undertaken.  Ortolano  (1993)  provides  examples  of  development  aid  agency  control 
involving projects funded by the US Agency for International Development and the World Bank. 
 
Direct public and outside agency control refers to situations where an EIA is called for on a proposed project as 
a result of pressures exerted by the public or by an agency that has no formal mandate to require an EIA. 
Ortolano  (1993)  provides  examples  from  Taiwan  where  the  pressure  exerted  by  public  opposition  over  a   24 
proposed titanium dioxide plant and opposition by a government agency to a hydro-electric power project 
proposed by another government agency resulted in an EIA process being initiated in each case. 
 
The  EIA  control  mechanisms  defined  by  Ortolano  (1993)  plus  the  role  of  public  and  interagency  pressures 
described  previously  demonstrate  a  range  of  ways  in  which  external  forces  can  be  brought  to  bear  on  the 
implementation of EIA procedures. Clearly, the actual external forces which may be relevant in a particular case 
will  depend  largely  upon  the  nature  of  EIA  practices  in  that  jurisdiction  (eg.  whether  there  is  a  formal 
requirement  for  EIA,  opportunity  for  public  or  interagency  comment,  whether  the  legal  system  permits 
litigation etc.). In addition to the case study research of Wichelman (1976), Andrews (1976) and Ortolano (1993), 
one of the most detailed empirical studies of the external reform model of EIA apparent in the literature was 
undertaken by Culhane et al. (1987), and the following discussion presents the findings of their work. 
 
In  their  study  of  the  rationality  of  impact  predictions  contained  in  29  EIS  documents  in  the  United  States, 
Culhane et al. (1987) also examined the possible influence of other models of EIA. With respect to the external 
reform model, their attention was focussed on the public and interagency review stage provided by NEPA. The 
authors reported that in earlier research, they had found that the number of comment letters received by an 
agency on a draft EIS provided a useful indicator of the external pressure directed at the lead agency during the 
NEPA review process (Culhane et al. 1987). Accordingly, they recorded the number of comment letters received 
for each project. These ranged from a low of five for two of the projects to a maximum of 41 letters for one 
project with an average of 16.6 letters per EIS. They found the number of comment letters to be moderately 
related  to  the  impact  prediction  imprecision  index  for  each  EIS  (discussed  previously  in  Section  2.4.1.1) 
whereby EIS documents rated with the worst imprecision index scores tended to receive more comment letters. 
In other words, this form of external pressure appeared to be have been greater when EIS documents contained 
vague or poor impact predictions (i.e. with respect to rational expectations of impact predictions). This result 
could  be  anticipated  in  the  sense  that  a  lack  of  precision  in  impact  prediction  (i.e.  discussion  of  the 
consequences of a proposal) will provide greater opportunity for confusion and uncertainty surrounding a 
proposal. Under these circumstances it seems reasonable to assume that people might be more likely to make a 
submission on such proposals in order to express their concerns and seek clarification of important issues. 
 
The  authors  found  no  correlation  between  the  origin  of  comment  letters  (government,  environmentalist  or 
economic interest groups) and prediction imprecision. Similarly, the level of controversiality did not seem to 
affect the precision of EIS predictions. This result was determined from separate examination of the six most 
controversial projects out of the 29 case studies with respect to the precision ratings of their impact predictions 
(Culhane et al. 1987). Overall the authors concluded that their sample of EIS documents did not substantiate the 
proposition that public and interagency review improves the technical quality of EIS impact predictions (where 
"quality" is indicated by reference to rational ideals of impact prediction). 
 
Culhane et al. (1987) also compared the level of external pressures with predictive accuracy. They found no 
evidence that prediction accuracy was related to external-reform influences. Using the number of comment 
letters as a quantitative indicator of public pressure on an EIS, they found no correlation between this and 
prediction accuracy (Culhane et al. 1987). Similarly, the six most controversial projects were found to experience 
the average accuracy rating for that of the whole sample of 29 EIS documents. Hence, public controversiality 
did not influence the accuracy with which impact predictions were made. 
 
If the findings of Culhane et al. (1987) are to be extrapolated to EIA practice elsewhere, it would appear that the 
external pressures exerted on EIA projects do not significantly influence the nature and accuracy of impact 
predictions. However, the nature of the relationship between impact predictions (i.e. which are formulated 
during  EIS  preparation)  and  these  external  pressures  (based  on  the  degree  of  project  controversy  and  the 
number  of  submissions  in  response  to  the  EIS  document)  needs  to  be  considered.  Given  that  the  impact 
predictions  would  have  been  formulated  prior  to  the  exertion  of  much  of  the  external  pressure,  it  is  not 
reasonable to assume that they might be influenced by this pressure in terms of their formulation and accuracy. 
A second issue to consider here is the potential long-term benefits of external pressure on projects. Whilst 
public  pressure  may  not  influence  the  nature  or  accuracy  of  impact  predictions,  it  may  instead  have 
considerable bearing on subsequent project operations and environmental management activities. The research 
reviewed here has not explored this possible influence of external pressures on EIA. 
 
External pressures have been shown to be responsible for implementing reforms in deciding when and how 
EIA is actually undertaken. Hence, any evaluation of the functioning and effectiveness of an EIA system should 
include  some  consideration  of  the  potential  for  external  reform  influences.  Just  as  pressures  external  to  an 
agency may influence its use and application of EIA, so to can pressures within an agency. The following 
section discusses the internal reform model of EIA identified in the theoretical EIA literature.  
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2.4.3  INTERNAL REFORM MODEL OF EIA 
 
The internal reform model recognises that agencies undertaking EIA may be influenced in their environmental 
planning and decision-making from sources originating within the agency itself. These internal influences may 
be a result of various factors including, for example: 
  agency and staff education through repeated experience with EIA; 
  the entrenchment of EIA requirements into agency policy and operations; and 
  employment of personnel specifically to implement EIA requirements. 
Under  this  model  EIA  practitioners  accept  the  responsibility  for  implementing  EIA  procedures  themselves 
rather than being forced to do so by outside pressures as in the case of the external reform model of EIA. 
Further details on internal reforms and their effect on the development and implementation of EIA is provided 
in the following discussion drawn from the international EIA literature. 
 
In the four phase framework of agency implementation of NEPA (described previously) by Wichelman (1976), 
internal reforms play an important role with respect to the last two phases. Wichelman (1976) suggests that 
once an agency has achieved the formal compliance phase (usually in response to external pressures) it will 
typically  make  a  transition  into  the  integrated  planning  phase.  This  occurs  when  the  changes  in  the  way 
environmental values are treated by the agency (i.e. incorporation of the new policy requirements of NEPA) are 
functioning smoothly. Agency attention is able to shift away from formal NEPA implementation and start to 
integrate EIA requirements into routine agency decision-making processes. Wichelman (1976) suggests that 
organisational change takes time but once it has happened, the new processes become entrenched into standard 
agency functions. Hence internal reform has occurred. This process of internal reform was found to continue 
into the final programmatic planning phase of agency implementation of NEPA in which environmental values, 
policies and procedures became fully integrated into agency legislation, programmes, policies or regulations. 
 
Wichelman (1976) identified a number of internal processes with respect to agency leadership and staff that 
could occur to facilitate improvements in implementing the NEPA requirements. These commence with the 
recognition by agency leaders of positive benefits arising from EIA. Subsequently, support for the endorsement 
and promotion of improved integration of EIA functions into ongoing agency planning and decision-making is 
provided by agency leaders. As a result, EIA processes become securely institutionalised forming a routine part 
of agency activity, thereby requiring less oversight by agency staff. Staff attitudes become more favourable to 
EIA requirements as a consequence of experience in implementing NEPA, educational programmes continue to 
reinforce  this  learning  from  experience,  and  improved  techniques  for  EIA  continue  to  be  implemented 
(Wichelman 1976). 
 
Andrews (1976) also reported benefits accruing from internal reforms with respect to NEPA, but unlike the 
findings  of  Wichelman  (1976),  these  were  found  to  occur  early  in  the  process.  Andrews  (1976)  found  that 
internal review occurred as an EIS accompanied action proposals upward through the initiating agency.  
 
Andrews  (1976)  recorded  considerable  differences  in  the  adoption  of  internal  reforms  for  the  two  agencies 
(introduced in the previous section) he studied. He suggests that the Army Corps of Engineers took the position 
that NEPA established new requirements for Federal action incorporating a wider range of issues than the 
Corps had previously considered. The Corps subsequently directed recognition of environmental quality as a 
new objective for planning and requested funds and personnel to carry out its new responsibilities. Hence, 
almost immediately after NEPA was enacted, the Corps commenced internal reforms with respect to the role 
and staffing of the agency. In contrast, the Soil Conservation Service interpreted NEPA as a reinforcement of its 
existing missions and policies and made no change to its resource planning processes for at least two years after 
NEPA's enactment. The first internal reforms occurred in 1974 when the Soil Conservation Service reinterpreted 
the  agency's  own  mission  with  respect  to  NEPA  requirements.  This  step  was  accompanied  by  the 
implementation  of  ecological  training  programmes  for  key  staff  members  throughout  the  organisation. 
Andrews  (1976)  suggests  that  the  difference  in  agency  interpretation  and  internal  adoption  of  NEPA's 
requirements made a substantial difference to the quality and success of EIA activities subsequently undertaken 
for agency projects during the initial years of NEPA. 
 
Taylor (1984) undertook one of the most comprehensive studies of environmental decision-making by Federal 
agencies in the United States in response to NEPA, including analysis of internal reform processes. Much of this 
aspect of the research was based on numerous interviews with agency personnel. Taylor (1984) discusses at 
length various political, personal and practical influences on the process of internal reform. One of the most 
successful  reforms  he  notes  has  been  the  employment  of  environmental  analysts  in  Federal  agencies  since 
NEPA was enacted. He suggests that these staff have a greater environmental commitment than that of the 
average agency staff member or the agency leaders. However, Taylor (1984) suggests that while environmental 
analysts inside an organisation may have important information about what their organisation is doing wrong, 
they tend to lack the motivation or the freedom to expose these errors. Hence, as a mechanism for change he 
suggests that in practice internal reform in this way also requires additional pressure originating from external 
sources.  This  can  be  achieved  when  internal  staff  are  able  to  link  up  either  directly  or  indirectly  with 
environmental  analysts  outside  their  organisation  who  Taylor  (1984)  suggests  are  more  likely  to  have  the 
motivation  to  expose  errors  and  lobby  for  change  but  tend  to  lack  the  necessary  information  to  do  this 
effectively.   26 
 
Ortolano (1993) also identified internal reform relating to staff and workforce considerations in what he called 
professional control. This refers to the notion that as EIA is increasingly accepted among project planners and as 
learning about EIA increases through training, experience and contact with environmental specialists, planners 
and proponents will increasingly call for EIA to be undertaken for specific actions or decisions. In this way, 
impact studies may be conducted as a matter of good professional practice and may be implemented where no 
requirements for formal EIA exist. Ortolano (1993) cites examples where professional control has resulted in 
EIA being undertaken by bilateral aid agencies on projects they funded where no legal requirements existed.  
 
In addition to professional control resulting in EIA being conducted in the first place, Lee and Colley (1990) 
found a correlation between the quality of EIS documents and the experience of EIA professionals responsible 
for their preparation. During their review of EIS documents (discussed previously in Section 2.4.1.2) they found 
that the better EIS documents were, on the whole, prepared by developers and/or environmental consultants 
with the greatest experience and vice versa. This finding highlights the benefit of experience with conducting 
EIA as a means of improving practice. 
 
The notion of professional control influencing internal reforms may operate at many levels within an agency 
ranging from the organisational level through to the role of individuals. An example of the former can be found 
in a study of the US Forest Service by Kennedy (1988) who reported that NEPA had effectively confronted 
"groupthink" and thereby led to the Service becoming more outward-looking than previously. An example of 
the role of individuals can be found in the work of Wandesforde-Smith and Kerbavaz (1988) who referred to 
individuals in the right place at the right time who were able to make use of a "window of opportunity" in order 
to  significantly  influence  policy  formulation  and  implementation  within  their  organisations  as  "policy 
entrepreneurs". 
 
Culhane et al. (1987) attempted to account for evidence of internal influences during their empirical study of EIS 
impact predictions, but noted that internal reform battles are hidden from public view making it very difficult 
for outsiders to document. These researchers used the average accuracy rating of individual EIS documents as a 
rough indicator of political-institutional influences in impact prediction. It was intended that listing the average 
accuracy rating for the 29 projects examined might enable trends to be detected with respect to EIS documents 
prepared at different times by either the same agency or for similar project types but different agencies. Here, 
predictive  accuracy  was  used  an  indicator  of  success  in  EIA;  an  assumption  that  is  open  to  challenge  (eg. 
environmental management performance outcomes may be a more useful indicator of success in EIA and this 
may not be directly influenced by predictive accuracy). The authors reported a substantial variance among 
individual  EIS  accuracy  but  found  no  significant  patterns  to  the  variance.  They  found  no  evidence  of  any 
systematic improvement in prediction over time. Hence there was no empirical evidence of internal reforms 
leading to improved prediction accuracy. 
 
The  available  EIA  literature  documenting  the  response  of  organisations  responsible  for  undertaking  EIA 
indicates that internal influences can have a substantial effect on environmental planning and decision-making 
functions, including the actual initiation of EIA implementation in jurisdictions where no legal requirement for 
EIA exists. Internal influences, such as the employment of environmental analysts and increased experience in 
undertaking EIA can also lead to substantial improvements in the quality of actual EIS documents, although the 
empirical evidence suggests that the predictive accuracy of these documents is not influenced by this factor. 
Hence, an evaluation of the functioning and effectiveness of an EIA system should give some consideration to 
the possible influence of these internal reform mechanisms. 
 
 
2.5  EIA AS A TOOL FOR ONGOING ENVIRONMENTAL MANAGEMENT 
 
The previous discussion (Section 2.4) focuses on the role of EIA as a planning and decision-making tool. This 
account of EIA has included three theoretical models of how EIA can improve decision-making ranging from 
the  application  of  rational  procedures  and  scientific  knowledge  to  the  influences  of  external  and  internal 
pressures on organisations responsible for undertaking EIA. A common feature of the body of EIA literature 
examined in the discussion is that it predominantly focuses upon what happens up to the point at which the 
principal  approval  decision  is  made  (i.e.  when  EIA  decision-makers  permit  a  development  proposal  to 
proceed).  Consequently  the  role  of  EIA  is  largely  that  of  a  preventative  one.  In  other  words,  informing 
environmental  decision-makers  to  avoid  the  occurrence  of  adverse  effects  when  proposed  actions  are 
implemented. A complementary notion of EIA is as a tool for ongoing environmental management that extends 
beyond the decision to proceed.  
 
The  purpose  of  this  section  is  to  discuss  the  theoretical  role  of  EIA  as  a  tool  for  ongoing  environmental 
management. Following discussion of previous studies of the influence of EIA on environmental management 
of projects, a theoretical perspective on the EIA/environmental management relationship is presented. This is 
followed  by  a  proposal  for  examining  the  EIA/environmental  management  relationship  which  includes 
reference to the rational, external reform and internal reform models of EIA discussed previously. 
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2.5.1  STUDIES OF THE EIA/ENVIRONMENTAL MANAGEMENT RELATIONSHIP 
 
The  notion  that  EIA  can  or  should  extend  beyond  planning  and  decision-making  roles  alone  to  play  an 
important role in influencing environmental management activities for proposed actions has been recognised 
by various EIA commentators (eg. Holling 1978, Caldwell 1982, Storey 1986, Constable 1991, Norton Miller 
1993, Smith 1993 and Lawrence 1994). 
 
Although there is no explicit reference to environmental management within the wording of NEPA, Caldwell 
(1982) identified an important environmental management role with respect to the NEPA procedures when he 
stated the following: 
 
This concept of monitoring, follow-up, and feedback would extend the EIS beyond a cautionary or action-
forcing device to a continuing tool of management and evaluation. The full decision record and the feedback 
loop would assist an agency to assess the accuracy of its predictions, to see how mitigation measures have 
been working, and to adapt subsequent decisions as feedback may indicate. This concept of the EIS as a tool of 
active management is shared by practitioners in the field (Caldwell 1982, p135). 
 
Hence it was intended that EIS documents be utilised by project managers in the development and follow-up of 
projects. 
 
Bailey (accepted) states that it is possible to find an implied reference to an environmental management role of 
EIA  in  Section  102(2)(c)(ii)  of  NEPA  where  reference  is  made  to  the  need  for  EIS  documents  to  include  a 
statement on any adverse environmental effects which cannot be avoided. Bailey (accepted) suggests that the 
term  avoidance  can  include  many  different  approaches,  but  in  doing  so  it  covers  ongoing  environmental 
management.  
 
One of the earliest studies that recognised the importance of ongoing environmental management is presented 
in Holling (1978). In this work, a process of adaptive environmental management and policy design is proposed 
as an alternative to environmental assessment for renewable resource management problems. The adaptive 
process emphasises the importance of environmental management and the cyclical role of impact monitoring 
with appropriate modification of management programmes in response. Holling (1978, p133) states that impact 
prediction processes will never be perfect and that no amount of observation prior to a project will reveal what 
impacts  the  project  will  eventually  have.  He  therefore  advocates  that  EIA  activities  should  be  an  ongoing 
investigation into, not a one-time prediction of, impacts. This ongoing impact monitoring process should be 
accompanied by appropriate ongoing environmental management responses. 
 
By 1980, the concept of ongoing environmental management had been incorporated into the Western Australian 
EIA  procedures  through  the  use  of  an  EIS  document  specifically  known  as  an  Environmental  Review  and 
Management Programme (ERMP). It was intended that an ERMP would place considerable emphasis on the 
identification of ongoing environmental management and monitoring activities to be undertaken during project 
implementation, in addition to the prediction of potential environmental impacts (Department of Conservation 
and  Environment  1980).  In  reviewing  these  EIA  procedures,  Hollick  (1981a),  who  uses  the  terminology  of 
Holling (1978), advocates a system of adaptive management to be incorporated into the Western Australian EIA 
process.  He  suggests  that  because  predictions  of  impacts  and  ways  to  manage  them  are  usually  uncertain 
(Hollick 1981b), a system of adaptive management based on monitoring and reassessment is essential (Hollick 
1981a, p198). He advocates the inclusion of a mechanism in EIA to facilitate changes to project management in 
the light of monitoring results (Hollick 1981b). Adaptive environmental management can be successful only if it 
is possible to change project management as required. To facilitate this Hollick (1981b) recommends that when 
a proposal is approved, a "management programme" should be prepared setting out the conditions of approval, 
monitoring  and  reporting  procedures,  and  a  commitment  by  the  proponent  to  update  environmental 
management practices as necessary. For EIA practice in Western Australia specifically, Hollick (1981a, p201) 
suggests that proponents should be encouraged to make flexibility of project management a design objective 
and the EPA should stress this in their recommendations on projects.  
 
Although specifically addressing social impact assessment issues, Storey (1986) makes similar suggestions as 
Holling (1978) for a focus on environmental management rather than on impact prediction. These comments are 
relevant to EIA generally. Storey (1986) states that the design of mechanisms to manage project outcomes is as 
important, if not more important, than the impact predictions themselves. He subsequently argues that it is 
necessary to de-emphasise the view that EIS documents are in any way definitive in EIA, and instead give more 
attention to the formulation of action plans, monitoring for management purposes and re-forecasting. Finally, 
Storey (1986) suggests that a pragmatic, management-oriented approach to impact assessment will be more 
likely to have greater utility than the refinement of methods and techniques aimed at improving predictive 
capabilities. 
 
The  value  of  an  environmental  management  focus  was  noted  by  Bailey  and  Hobbs  (1990)  with  respect  to 
environmental auditing and follow-up studies. They suggest that the process of auditing is more useful if it 
evaluates  predictions  in  terms  of  whether  appropriate  management  action  results  rather  than  the  scientific 
evaluation of prediction content and accuracy. A similar message is iterated by Lawrence (1994) who advocates   28 
that  in  addition  to  monitoring  impacts,  a  requirement  to  monitor  the  effectiveness  of  impact  management 
measures  is  important  if  EIA  is  to  move  beyond  a  pre-approval  planning  exercise  toward  an  ongoing 
environmental management function. Smith (1993) makes a similar point in the concluding chapter of his book 
on the utility of EIA as a tool for sustainable resource management where he states that there is a need for 
"...more emphasis upon methods for impact management than on those for impact identification within impact 
assessment" (Smith 1993, p188). 
 
This need has been responded to in the Netherlands where there is a legal requirement in EIA to undertake 
follow-up EIA evaluation (Arts 1994) once a project has been approved. This process is referred to as "ex post 
evaluation" which is defined as a "backward looking" evaluation designed to review the activities that have 
been implemented in practice (Arts 1995a, p4). It is the real effects not the predicted effects that are relevant for 
the environment and the EIA evaluation process provides a check as to whether the real effects are within the 
boundaries of the original approval decision (Arts 1994). In doing so, three specific functions of EIA evaluation 
are identified (Arts 1995b, p2): 
  a control function aimed at identifying harmful trends relating to environmental change before it is too late 
to ameliorate or prevent them; 
  an informative function whereby expected impacts are compared with actual outcomes; and 
  a legitimisation function which serves to justify the approval decision and the project activities to the people 
in the area. 
It is intended that EIA evaluation in this way will provide a number of benefits including environmental gains 
(i.e. by reinforcing beneficial outcomes and preventing further damage), cost savings by avoiding the need for 
clean up operations, improvements to future EIA and improved environmental management (Arts 1995a, p9). 
 
With  the  exception  of  the  EIA  process  in  the  Netherlands  where  a  specific  requirement  for  post-decision 
evaluation  has  been  formally  established  (Arts  1994),  a  common  feature  of  the  literature  on  EIA  and 
environmental management is that there has been little suggestion that EIA procedures themselves need to be 
changed in order to facilitate successful ongoing management. Instead these authors appear to advocate only a 
change in emphasis on the way in which EIA is carried out, with a greater effort being devoted to the post-
decision  stages  of  EIA  than  has  previously  been  the  case.  The  implication  of  this  is  that  EIA  already 
encompasses an ongoing environmental management role. Theories of how EIA may achieve environmental 
management outcomes in its role as a planning and decision-making tool have previously been discussed. The 
following discussion examines the EIA literature on the relationship between EIA and ongoing environmental 
management. 
 
A managerial model of EIA was proposed by Culhane (1993) in the context of his discussion on post-decision 
auditing of the actual impacts of projects subjected to EIA. He referred to this process as "postauditing" which 
he considered to be necessary in order for project managers to ensure that project outcomes match the impact 
predictions made during EIA. This in turn would ensure attainment of management objectives and to fulfil 
management commitments made during EIA. 
 
Culhane (1993) identified three theoretical models for post-decision EIA in addition to a minimal satisficing 
approach  to  EIA  whereby  proponents  effectively  remove  their  attention  from  projects  once  the  necessary 
approvals  have  been  obtained  and  the  project  has  been  constructed.  Two  of  these  models,  the 
"adversarial/litigation model" (or external reform model) and the "scientific model", simply add a post-decision 
stage to the equivalent environmental planning and decision-making models of EIA expounded previously (i.e. 
that proponents are held accountable for the accuracy and management of project impacts by external pressures 
or use of state-of-the-art science for impact and project evaluation). These two models are not further discussed 
here,  although  their  potential  to  influence  post-decision  environmental  management  outcomes  is 
acknowledged. The third model presents a management perspective of EIA and is outlined in the following 
discussion. 
 
The managerial model goes beyond a common assumption of EIA that environmental assessment is a process 
that occurs only during pre-construction decision-making (Culhane 1993). This model forces EIA practitioners 
to recognise a project as a dynamic, manageable system following the assessment period. In the managerial 
model  of  EIA,  a  project  manager  is  self-directed  to  manage  their  project  to  ensure  that  it  is  effective  in  a 
management-by-objectives system (Culhane 1993). The system comprises three steps. Firstly, a project manager 
is responsible for the development of the objectives of their organisational unit. Secondly, the objectives become 
the basis of self-control by the manager. Finally, the manager needs a set of measures to provide feedback on 
the extent to which the management objectives are being met. 
 
Under this model, the outcomes of the EIA process (i.e. the EIS and any conditions established by EIA decision-
makers) are viewed as a complex set of operational objectives (Culhane 1993). These can be translated into 
specific project objectives, mandatory mitigations and salient impacts to be monitored. On-site managers are 
then  responsible  for  ensuring  that  these  project  and  environmental  requirements  are  met.  The  managerial 
model relies on internal agency commitments to good management to implement EIA outcomes and hence is 
largely consistent with the internal reform model of EIA discussed previously. However, Culhane (1993) also 
notes that the implementation of management objectives in accordance with the outcomes of the pre-decision   29 
EIA process is one way in which the post-decision stages of EIA could be considered to be representative of a 
rational process. 
 
This managerial model of EIA is supported by Bailey (1994) who suggests that part of effectiveness of EIA is as 
a useful tool for ongoing project management. In further work, Bailey (accepted) examined the presence and 
importance of the relationship between environmental management and EIA as practiced in Western Australia. 
He identified a number of linkages that were found to exist including formal and informal influences. These are 
discussed in turn. 
 
One example of a formal influence of EIA on ongoing environmental management relates to the establishment 
of a legally binding approval condition in which an environmental objective is specified. The proponent is 
bound to comply with the objective but is not directed in the means for doing so. This approach encourages 
proponents to continue to plan and design their proposal beyond the principal decision to proceed (Bailey 
accepted).  Another  formal  technique  relates  to  the  requirement  for  proponents  to  prepare  an  EMP  as  a 
condition of approval for large or complex proposals (Wood and Bailey 1994). The EMP serves to consolidate 
the proponent's environmental management commitments made in the original EIS for a proposal plus any 
environmental conditions established during decision-making relating to the management of the proposal. This 
can include a comprehensive description of what environmental management activities should occur during 
construction and operation, and provide a description of the environmental impacts that are expected to occur. 
The EMPs also put in place a system for the monitoring of impacts plus any necessary management response. 
This  approach  was  seen  by  Bailey  (accepted)  to  be  the  essence  of  adaptive  environmental  management 
advocated previously by Holling (1978). Bailey (accepted) provides several anecdotal descriptions of these two 
formal EIA approaches to implementing ongoing environmental management in Western Australia.  
 
An example of an informal influence of EIA on ongoing environmental management relates to the educational 
benefit which project managers can receive from the EIA process. Bailey (accepted) suggests that the findings of 
an EIA provide overall guidance to project managers in the form of an educative and awareness raising process. 
He  notes  that  for  this  to  result  in  improved  environmental  management  performance,  requires  personnel 
involved in the planning and design of projects to remain involved during construction and beyond. 
 
Bailey  (accepted)  concluded  that  the  EIA  process  in  Western  Australia  has  led  to  improvements  in 
environmental management that accrue after the principal decision to proceed with a particular project has 
been made. The work of Bailey (accepted) provides the starting point for this research, which seeks to explore 
the  EIA/environmental  management  relationship  based  upon  systematic  case  study  investigations.  This 
research was extended into a theoretical model of the EIA/environmental management relationship which is 
now discussed. This model has previously been reported on in Morrison-Saunders (1996b). 
 
 
2.5.2  EIA/ENVIRONMENTAL MANAGEMENT MODEL 
 
In examining the EIA/environmental management relationship, a fundamental question to consider is: Does 
EIA influence environmental management? If the answer to this question is yes, then it is important to know 
when this influence occurs in the process. In considering the timing of EIA and environmental management 
activities, it is useful to make reference to the principal decision-making process during which the approval to 
proceed with a particular proposal is granted or not. This enables planning and decision-making activities to be 
differentiated from ongoing project and environmental management activities, and their relationship to EIA 
explored.  The  theoretical  EIA/environmental  management  model  espoused  here  relates  environmental 
management activities to three stages of EIA (Figure 2.1). These three stages are defined in relation to approval 
decision-making. They are referred to as the pre-decision, post-decision and transitional stages of EIA. Figure 
2.1 indicates the types of EIA activities that may occur during each stage. The three stages are now discussed in 
turn. 
 
The pre-decision stage of EIA occurs up to and including the principal decision to proceed with a particular 
proposal. This encapsulates the initial proposal planning and design activities. This is the stage in which most, 
if not all, impact predictions are made and many environmental management actions proposed to manage these 
potential  impacts.  These  actions  may  be  proposed  either  by  the  proponent  as  environmental  management 
commitments  made  in  EIS  documents,  or  by  EIA  decision-makers  during  their  assessment  and  subsequent 
establishment of approval conditions. An example of the pre-decision benefit of an EIA approval condition 
might be a requirement to relocate or redesign part of an industrial plant such as the pollution prevention 
equipment; i.e. this benefit of the EIA process is realised before the project is implemented (Bailey accepted). 
The rejection of a proposal is another example of a pre-decision consequence of EIA. Clearly, outright rejection 
will  avoid  the  occurrence  of  impacts  (either  positive  or  negative)  associated  with  that  proposal  on  the 
environment. The previous examples demonstrate environmental benefits that actually occur before project 
implementation. Many management actions proposed during the pre-decision stages of EIA may not actually 
take  place  until  the  project  is  implemented.  However,  where  these  management  actions  are  carried  out  as 
proposed and are successful in avoiding or minimising the occurrence of adverse impacts, the influence of the   30 
EIA process in achieving that outcome can be seen to have originated during the pre-decision stage of the EIA 
process. 
 
It  is  not  always  possible  to  predict  all  project  outcomes  and  to  have  planned  environmental  management 
activities accordingly. Hence, some environmental management activities can be expected to originate after the 
principal EIA decision is made to proceed with a project, particularly during project implementation. Such 
activities may include the response by a project manager to an unforeseen impact or the adaptation of planned 
management  programmes  to  accommodate  outcomes  different  to  those  originally  predicted  to  occur. 
Previously, Bailey et al. (1992) found that a management response to an impact by the proponent can occur in 
the  absence  of  any  related  impact  prediction  or  approval  condition.  Changes  to  environmental  monitoring 
programmes  may  also  occur  as  new  problems  or  issues  are  encountered.  This  environmental  management 
action by project managers both originates and occurs during the post-decision stage of EIA and is referred to 
here as adaptive environmental management. 
 
A third opportunity for EIA activities to influence environmental management actions is a transitional one that 
incorporates  both  the  pre-decision  and  post-decision  stages  of  the  process.  This  is  where  the  EIA  process 
establishes  some  important  environmental  management  provisions  during  the  pre-decision  stages  which 
require ongoing attention during the post-decision stages of projects. The two examples of formal influences of 
EIA on ongoing environmental management from the work of Bailey (accepted) discussed previously can be 
considered to be transitional activities. In the first example, the proponent is bound to comply with an objective 
(i.e. established during the pre-decision stage) but is not constrained in how to do so during subsequent project 
implementation (i.e. during the post-decision stage). This approach encourages proponents to continue to plan 
and design their project, including environmental management strategies, beyond the decision to proceed. This 
might  result  in  the  proponent  engaging  in  ongoing  modifications  to  the  proposal  in  order  to  improve 
environmental performance as new information or technology becomes available. In the second example, the 
proponent is required to prepare an EMP prior to project implementation which consolidates environmental 
management strategies and objectives identified during the pre-decision stages of EIA. An EMP is also intended 
to put in place a system for both the monitoring of impacts and the necessary response by project managers 
during subsequent project implementation. This is consistent with the managerial model of EIA put forward by 
Culhane (1993). 
 
Having posited a model outlining the stages of EIA which may influence environmental management activities, 
the remainder of this research seeks to examine this model and to find out how this environmental management 
may come about in practice. 
 
 
Figure 2.1. Stages of EIA and Activities Undertaken in Each#Figure 2.1 here# 
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2.5.3  APPLYING THE EIA/ENVIRONMENTAL MANAGEMENT MODEL 
 
The purpose of applying the EIA/environmental management model is to understand the extent to which EIA 
can  influence  post-decision  environmental  management  performance  and  to  identify  when  and  how  the 
relationship between EIA and environmental management is mediated in practice. Bailey (accepted) suggests 
that if this can be better understood, then the potential for strengthening the relationship arises with the aim 
being to improve EIA and environmental protection efforts. 
 
Testing  the  EIA/environmental  management  model  clearly  requires  post-decision  and  post-development 
follow-up of projects that have been subjected to EIA. This invites recourse to EIA evaluation and auditing 
activities in the manner of some of the empirical studies reviewed previously in this chapter. A new approach 
to EIA audit and evaluation, specifically designed to test the managerial model of EIA, is presented in Chapter 
3. Consequently, specific methodological considerations are not further considered here. There are however a 
number of issues concerning testing of the model which are elucidated in the following discussion. 
 
In  seeking  to  understand  the  relationship  between  EIA  and  environmental  management,  it  is  important  to 
differentiate between activities that occur during the pre-decision, post-decision and transitional stages of EIA 
(i.e. environmental protection measures that can be ascribed to the role of EIA as a planning and decision-
making tool as opposed to its role as a tool for ongoing management). Consequently any test of the managerial 
model  of  EIA  must  be  attuned  to  the  influence  of  these  three  stages  of  the  process  on  environmental 
management activities. 
 
A  second  issue  to  consider  when  testing  the  EIA/environmental  management  model  is  the  prevailing 
jurisdictional  context  in  which  EIA  is  conducted.  There  is  little  point  in  seeking  to  identify  an  ongoing 
environmental management function of EIA if this is obviously excluded by the particular procedures of a 
locality. No attempt will be made to examine different EIA procedures here in an environmental management 
context.  The  discussion  on  EIA  control  mechanisms  in  Section  2.4.2  indicates  that  considerably  different 
approaches  to  EIA  exist  worldwide,  and  this  could  clearly  extend  to  post-decision  expectations  for 
environmental  management.  One  jurisdiction  with  an  historical  emphasis  on  ongoing  environmental 
management is that in Western Australia (Department of Conservation and Environment 1980, Hollick, 1981b 
and Environmental Protection Authority 1993a - refer also to Appendix 1). If there is going to be a relationship 
between EIA and environmental management, it seems likely that it would be evident in this jurisdiction. The 
emphasis on ongoing environmental management activities inherent in the EIA process utilised in Western 
Australia makes it well suited for examination with respect to the EIA/environmental management model. This 
examination forms the basis of this research. The following discussion outlines additional considerations that 
need to be addressed. 
 
The  first  of  the  principal  research  questions;  Does  EIA  influence  environmental  management  activities  and 
outcomes for development projects? enables the link between EIA and management activities to be determined. 
The second of the principal research questions: When does the influence of EIA on environmental management 
occur? is addressed by subsequent reference to the EIA/environmental management model (Figure 2.1). This 
enables the influencing stage of EIA to be determined (i.e. whether environmental management activities arose 
from the pre-decision, post-decision or transitional stage of the EIA process). 
 
The next factor to consider is the explanation for the actual source of environmental management actions. This 
requires  addressing  the  subsidiary  research  question:  How  does  the  influence  of  EIA  on  environmental 
management come about? This question probes the mechanisms by which EIA functions. These mechanisms 
can be tested with reference to possible influencing factors relating to the rational, external reform and internal 
reform  models  of  EIA.  For  the  purposes  of  this  research,  these  have  been  extrapolated  from  previous 
consideration  in  the  literature  as  pre-decision  models  of  EIA  to  cover  all  stages  of  the  process.  Factors  to 
consider here include: 
  the use of scientific and rational decision-making processes (rational model of EIA); 
  the  influence  of  other  decision-making  processes,  government  departments  or  public  involvement  on 
environmental management activities (external reform model of EIA); and 
  the influence of the proponent's own environmental and management staff, policies or objectives (internal 
reform model of EIA). 
 
In  summary,  the  two  fundamental  research  questions  are  posed  in  order  to  determine  whether  or  not  a 
relationship between EIA and environmental management exists in the first place. The EIA process has been 
divided into three stages; pre-decision, transitional and post-decision; to enable the origin of environmental 
management activities to determined with respect to the principal approval decision. The factors that lead to 
the environmental management activities are then addressed with respect to the three theoretical models of EIA 
in order to provide information on how EIA functions in practice. The methodology for undertaking research of 
the EIA/environmental management relationship for six case study projects in WA is presented in the next 
chapter. It will be clearly seen that the theoretical research framework outlined here underpins the design of the 
study methodology. 
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Chapter 3  METHODS 
 
3.1  INTRODUCTION 
 
This chapter outlines the methodology utilised in this research and the rationale behind the approach adopted. 
This research is based upon a number of case studies of development projects in Western Australia that have 
been  subjected  to  EIA.  In  order  to  understand  how  EIA  can  influence  project  management,  case  studies 
involving past examples of the application of EIA were examined. The results of the case study research are 
presented in subsequent chapters. 
 
Important methodological considerations relate to the selection of appropriate case studies for examination and 
the  subsequent  process  for  analysing  each  case  study.  Consequently,  discussion  about  the  methodological 
approach adopted is divided into two major parts. The first part (Section 3.2) presents the process that was used 
to select the chosen case studies. A variety of case studies were chosen. It was important to ensure that the case 
studies would be capable of providing useful data. The second part of the chapter (Sections 3.3-3.4) describes 
the  methodology  for  extracting  information  from  each  case  study,  how  this  relates  to  the  EIA  process  in 
Western Australia and how data was stored in a computerised data base. The final part of the chapter (Section 
3.5)  describes  the  process  of  data  analysis  and  how  the  research  methodology  was  used  to  address  the 
EIA/environmental management model. 
 
 
3.2  RATIONALE FOR CASE STUDY SELECTION 
 
Six  case  studies  were  selected  for  analysis  in  this  research.  Before  any  attempt  was  made  to  single  out 
individual projects from the total suite of projects in Western Australia that have undergone EIA, a number of 
characteristics were identified which projects would have to meet in order to be suitable as case studies. These 
characteristics are outlined in the following discussion. 
 
 
3.2.1  REQUIREMENTS FOR CASE STUDIES 
 
Having framed the objectives of the research and determined to utilise a case study approach, six criteria for 
case study selection were established. These are discussed in turn. 
 
The first criterion was that each project must have undergone EIA in order to be eligible for examination. This is 
an obvious requirement given the focus of this research on understanding the EIA/environmental management 
relationship. However, a recognised limitation of this approach is that it excludes comparison of the outcomes 
of projects that have undergone EIA with others that have not. Hence, it may not be possible to completely 
isolate  the  influence  of  EIA  procedures  from  other  relevant  influences  including  other  decision-making 
processes affecting projects. 
 
The second criterion related to the scale and nature of individual projects. Projects were sought that were of 
sufficient  scale  to  generate  potentially  significant  impacts  which  could  be  determined  relatively  easily 
independent of either other projects in the immediate vicinity or naturally occurring events. For a project with 
relatively  minor  impacts,  it  may  not  be  possible  to  clearly  determine  the  environmental  impacts  that  have 
occurred that can clearly be attributed to the project, and not to naturally occurring fluctuations or variations in 
the environment. In addition, where a project is one of many (eg. an industrial development located in an 
industrial zone among several other similar industries), it may not be possible to isolate the impacts of an 
individual project from those around it. In this case, a project with unique characteristics is needed in order to 
single it out for examination. 
 
The third criterion also related to the nature of the project and its impacts. Projects were sought which had 
ongoing  impacts  and  ongoing  management  programmes  to  address  these.  Minimal  information  would  be 
gained  from  examining  projects  for  which  the  majority  of  impacts  occurred  during  their  construction  (eg. 
clearing habitat to provide for urban expansion) and for which there was little or no ongoing environmental 
impacts  and  corresponding  management  activities.  Projects  were  sought  which  involved  ongoing 
environmental management or  evidence of ongoing environmental changes (eg. development of new areas 
associated with mining and rehabilitation of previously mined areas, ongoing discharges of waste products to 
the environment associated with production processes or waste disposal projects, changes to natural processes 
that would be experienced over a medium to long time frame such as changes to surface and groundwater 
catchments  etc.).  It  is  acknowledged  that  this  criterion  automatically  biases  the  research  in  terms  of  the 
relationship between EIA and environmental management activities in terms of the potential for ongoing and 
adaptive  environmental  management  to  occur.  However,  in  this  research,  the  case  studies  are  examined 
individually. In view of this and the small number of case studies investigated, the findings of this research can 
not be generalised to the wider practice of EIA in Western Australia. 
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The fourth criterion concerned the availability of follow-up information. Projects were sought for which an 
environmental monitoring programme had been undertaken in order to be able to determine the impacts that 
had resulted from project implementation. Proponents of projects for which there are likely to be only minor 
impacts  or  which  are  well  understood,  may  not  be  required  to  undertake  monitoring  activities.  Formal 
monitoring  was  considered  necessary  for  the  research  in  order  to  provide  the  necessary  data  on  project 
outcomes. In addition, one aspect of the research was also to examine the scientific rigour of environmental 
monitoring as will be discussed further in Section 3.4.5. Hence, the implementation of monitoring programmes 
was adopted as a pre-requisite for projects to be considered as potential case studies. 
 
The fifth criterion related to the time since EIA was conducted. Projects were sought in which sufficient time 
had lapsed since the project was assessed and implemented to enable any potential impacts to have occurred 
and be detected. During previous auditing research (Hobbs et al. 1990), it was found that major projects are 
typically not fully constructed and implemented until at least one or two years after the EIA approvals have 
been  granted  due  to  the  lead  time  necessary  for  proponents  to  execute  their  projects.  Following  project 
implementation,  several  years  of  monitoring  data  are  usually  required  in  order  to  be  able  to  identify 
environmental changes that can be attributed to the projects (other than those associated with construction 
activities alone) for several reasons. Manufacturing or processing projects typically commence operation on a 
small scale and gradually increase production over several years until they reach the designed output levels. 
Hence,  it  may  be  some  years  until  the  full  impacts  of  these  types  of  project  are  realised.  For  projects  that 
interrupt natural processes (eg. changes to a groundwater regime) it may take several years before any notable 
change is observed (eg. death of vegetation dependent on a particular quality or quantity of groundwater to 
survive which may become evident only after several years of failed growth). Also, several years of project 
monitoring  may  be  required  to  isolate  the  effects  of  a  development  from  naturally  occurring  events  (eg. 
fluctuations in nutrient levels in a water body adjacent to a waste discharge). 
 
In  Western  Australia  a  typical  condition  of  approval  requires  proponents  to  submit  follow-up  monitoring 
reports on a regular basis (Wood and Bailey 1994). For major projects, this often entails the preparation of 
annual monitoring reports that document the most recent year's activities and substantial triennial reports that 
review performance over the preceding three years. It is not uncommon for delays of six months or more to 
occur between collection of monitoring data and the subsequent interpretation and presentation of results in 
monitoring reports. The availability of at least one triennial monitoring report for potential case study projects 
or three years of monitoring was adopted as a minimum requirement in this research. In light of these factors it 
was decided that only projects that had undergone EIA prior to 1990 (the research programme commenced in 
1992) would be considered for possible inclusion in the research. This would enable sufficient time for project 
construction and three years of operation to have been reported on by the end of data collection (July 1995). 
 
The final criterion for case study selection related to previous audit studies. Projects were sought which had not 
previously  been  audited.  Whilst  the  approach  utilised  in  this  research  is  substantially  different  to  other 
environmental auditing research undertaken previously in Western Australia, it was considered desirable to 
learn about new projects and their EIA outcomes. This would increase the scope of knowledge about both EIA 
and EIA auditing in Western Australia. 
 
Having established these six criteria which projects needed to meet in order to be suitable for selection as 
research case studies, the suite of potential projects were examined as outlined in the following discussion. 
 
 
3.2.2  CASE STUDY SELECTION PROCESS 
 
Potential  case  studies  were  identified  from  the  list  of  EPA  reports  that  have  been  produced  since  EIA 
procedures  were  introduced  in  Western  Australia  as  no  single  comprehensive  list  of  EIS  documents  was 
available. The selection of suitable case studies was restricted to projects that had undergone EIA in Western 
Australia. This was partly due to resource constraints prohibiting interstate or overseas travel but was also 
motivated by the desire to study a single EIA system in detail. The rationale behind this was that it would 
enable any trends in terms of consistency in approach or evolution of processes over time to be determined. 
 
All EPA reports have been produced as Bulletins that are sequentially numbered from the first report in 1974 
onwards. Not all of the Bulletins are assessment reports associated with projects that have undergone EIA and 
consequently these were not considered further. Out of the 422 Bulletins produced up until the beginning of 
1990, a total of 183 EIA reports were identified. This figure does not represent the number of individual projects 
subjected  to  EIA  as  some  projects  were  assessed  more  than  once.  For  example,  projects  that  were  initially 
rejected, were subsequently remodelled and for which a new EIA was undertaken, plus projects that proceeded 
in  a  series  of  separate  stages,  each  of  which  was  subjected  to  a  new  or  separate  EIA  (eg.  expansion  of  an 
industrial processing factory), fall into this category and are not uncommon. In the absence of formal records 
being kept by the EPA, it was difficult to be exact about the number of EIAs that represented project repetition 
due  to  name  and  ownership  changes  relating  to  the  same  project.  Based  upon  local  knowledge  and  cross 
reference with officers from the Department of Environmental Protection, the number of potential projects was 
estimated to be reduced by 23.   34 
 
A  further  24  projects  had  previously  been  studied  in  earlier  research  programmes  and  were  subsequently 
eliminated. Some of these projects have been reported on in the international literature (eg. Bailey and Saunders 
1988, Bailey et al. 1992). The list of remaining projects was scanned with reference to the six minimum criteria 
for case study selection outlined previously. This continued the process of project selection. 
 
It was found that some projects were not given permission to proceed as a result of EIA, while others were 
given  approval  but  were  not  subsequently  implemented.  Several  suites  of  projects  were  considered  to  be 
unsuitable for auditing for various reasons. These included land use planning developments and highway, 
powerline and pipeline projects for which there were no ongoing environmental management and monitoring 
programmes. This eliminated a further 65 projects. 
 
Following  this  elimination  process,  the  resulting  list  of  potential  case  study  candidates  totalled  71.  Closer 
examination of the nature of these projects revealed that they could be divided into several different categories 
as follows (presented in descending order of frequency): 
  mineral processing and chemical manufacturing - 23; 
  onshore mining activities - 20; 
  solid and liquid waste disposal - 6; 
  animal products (eg. abattoirs, tanneries, wool scouring) - 5; 
  offshore oil and gas production facilities - 4; 
  water supply projects - 4; 
  clay extraction and brickworks - 3; 
  power supply - 2; 
  aquaculture - 2; 
  woodchipping - 1; and 
  port expansion - 1. 
 
Six projects were chosen as case studies from this list. These comprise two mineral processing and chemical 
manufacturing  projects  (Narngulu  Synthetic  Rutile  Plant  and  Sodium  Cyanide  Plant),  discharge  of  treated 
wastewater into the marine environment (Cape Peron Ocean Outfall), an offshore oil and gas project (Saladin 
Oilfield) and two reservoir water supply projects (Harding River Dam and Big Brook Dam). The selection was 
loosely based on the frequency of project type but also for several other factors discussed below. 
 
Various components of the environment are represented by pairs of the chosen projects. The mineral processing 
and chemical manufacturing projects primarily involve issues associated with air emissions and their effect on 
ambient air quality, and are both land based industrial developments. The two water supply projects are similar 
in  nature  although  located  in  different  climatic  and  environmental  settings,  and  predominantly  involve 
alteration of natural riverine systems. The offshore oil and gas project and the wastewater outfall are primarily 
concerned with potential impacts upon the marine environment. It was intended that pairing the projects in this 
way might enable direct comparison of the results obtained for each and to determine any shared characteristics 
based on the type of the environment affected by each. 
 
The  six  case  studies  represent  a  mix  of  relatively  remote  projects  situated  in  a  rural  setting  and  in  urban 
settings. One of the mineral processing and chemical manufacturing projects is located in an urban setting, 
while  the  other  is  situated  in  close  proximity  to  an  urban  area.  The  wastewater  outfall  discharges  into  an 
offshore marine environment which is relatively remote, however, the onshore facilities associated with this 
project are located in an urban environment. The two water supply dams are located in relatively remote rural 
settings and the offshore oil and gas project is remote from any permanent settlements. 
 
The  proponents  of  the  six  chosen  case  studies  represent  an  equal  mixture  of  private  and  government 
organisations. At the time of this research, the two water supply projects and the ocean outfall were managed 
by the same government agency. However, when they originally underwent EIA, water supply and wastewater 
disposal were the responsibility of separate government agencies which were subsequently amalgamated. The 
proponents of the three privately operated projects were independent of each other. 
 
The  six  case  studies  chosen  provide  a  balance  between  projects  assessed  according  to  the  terms  of  the 
Environmental Protection Act 1971 and the Environmental Protection Act 1986 (both Western Australian statutes). 
The EIA process established by these Acts has been similar. The major difference relates to the legal status of 
EIA approvals as outlined in Appendix 1. The two water supply projects and the wastewater outfall were 
assessed under the earlier (non-binding) legislation while the offshore oil and gas project and one of the mineral 
processing and chemical manufacturing projects were assessed under the latter (legally binding) legislation. The 
second mineral processing and chemical manufacturing project proceeded in two separate stages, assessed by 
each Act respectively. It was intended that the division in case studies according to their EIA legislation would 
enable  comparison  to  determine  any  changes  over  time,  with  respect  to  the  influence  of  the  process  on 
environmental management. A similar distinction was made by Bailey et al. (1992) for the suite of artificial 
waterway projects they examined. 
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All proponents of the six case studies have had previous or subsequent experience with EIA within Western 
Australia for separate projects to the case studies. It was intended that the relative experience of proponents 
with  EIA  could  be  compared  with  the  case  study  findings  to  determine  the  influence  of  this  factor  on 
environmental management outcomes. A similar approach to evaluating the quality of EIS documents was 
undertaken by Lee and Colley (1990). 
 
In accordance with the suggestions of Yin (1989, p44) when undertaking case study research, no attempt was 
made to select representative projects. While loosely based on project frequency, it was not intended that the 
selected case studies would attempt to be representative of a particular type or the entire range of projects that 
have undergone EIA in Western Australia. In contrast Bailey et al. (1992) examined the entire range of artificial 
waterway projects in Western Australia that had been subjected to EIA and were able to draw conclusions on 
the process as it applied to this type of project as a whole. It was also recognised that the sample size of six was 
insufficient to be representative of the overall EIA system in Western Australia. Other researchers (eg. Culhane 
et al. 1987) have randomly selected projects for analysis from those available in order to obtain data that can be 
considered to be statistically representative of the entire EIA process. 
 
The remainder of this chapter describes the methodology used to extract, store and analysis information for 
each of the six case studies. The methodology is based around a computerised database as discussed in the 
following section. 
 
 
3.3  INTRODUCTION TO THE RESEARCH DATABASE 
 
This section provides an overview of the computerised database utilised in this research. It commences with the 
rationale behind adopting such an approach. It then discusses the overall design structure in relation to EIA 
procedures in Western Australia including the sources of information for the research. This introduction to the 
research database is intended to establish the context under which the detailed design elements operate. These 
details are presented in Section 3.4 in which the specific fields within the database are discussed. Discussion on 
the application of the database to the analysis of the EIA process is presented in Section 3.5 
 
 
3.3.1  RATIONALE FOR DATABASE ORIENTED APPROACH 
 
In order to learn from experience, it is necessary to collect data from projects which have undergone EIA and 
analyse this in such a way that derives information about the functioning of the EIA process itself. Due to the 
complexity of most projects for which an EIA is required, a large volume of data can be generated for each 
project. Based on earlier experience (i.e. Bailey and Hobbs 1990, Bailey et al. 1992), it was determined that a 
methodological approach to content analysis based around the use of a computerised database provided a 
logical and standardised method for recording relevant project data and to enable the data to be organised and 
evaluated efficiently. 
 
Use  of  the  computerised  data  base  is  central  to  the  presentation  and  discussion  of  results  obtained  in  this 
research  (Chapters  4-10).  A  major  advantage  of  utilising  a  database  oriented  approach  to  information 
management  is  that  it  enables  numerical  results  to  be  generated  easily.  Collating  and  storing  data  in  a 
standardised method and format enables comparison of data from individual projects. Patterns in the data 
groupings  can  be  recorded  numerically  and  submitted  to  statistical  testing  to  determine  significance. 
Identification of these patterns in the data will tend to reflect the characteristics of the EIA system under study. 
It also provides a starting point for further detailed examination and understanding of the case studies. The 
structure and design of the database is therefore crucial in terms of the reliability and utility of the information 
it can generate. Of particular importance is the manner in which the database relates to the EIA process. This is 
outlined in the following discussion. 
 
 
3.3.2  DATABASE DESIGN AND EIA PROCEDURES 
 
The database has been constructed using Microsoft FoxPro for Macintosh (v2.5) software. In order to maximise 
the value and utility of the database, it has been designed to reflect the structure of EIA systems. Four distinct 
components of the EIA process for individual projects are particularly relevant in seeking to understand the 
environmental management and protection outcomes of EIA: 
  identification and prediction of potential impacts. The predicted impacts of a project provide the basis for 
determining, during the pre-decision stages of EIA, what management actions may be required to avoid, 
minimise or rectify them; 
  occurrence of actual impacts; 
  establishment of environmental management actions in response to both the predicted and actual impacts; 
and 
  monitoring  of  environmental  changes  associated  with  projects  to  verify  impact  predictions,  determine 
impacts and ascertain the effectiveness of environmental management actions.   36 
Four database files have been established accordingly to reflect these EIA components. These are hereafter 
referred to as the Prediction, Impacts, Management and Monitoring Files respectively. Within these four files, 
specific  fields  were  established  which  were  designed  to  capture  information  relevant  to  the  overall  study 
objectives. These fields are outlined later in Sections 3..4.1-3.4.5. 
 
The structure of the database has been developed from the EIA auditing work of Bailey and Hobbs (1990), 
Hobbs et al. (1990) and Bailey et al. (1992), extended to enable specific focus on environmental management 
activities. In addition to some specific structural differences, the terminology used in the current research is 
slightly  different  to  the  previous  EIA  audit  study.  In  that  study,  particular  emphasis  was  placed  on 
understanding the level of prediction accuracy and compliance with environmental conditions (as reviewed in 
Chapter 2). That framework and database was found to be in need of amendment to capture more data related 
to  environmental  management  activities.  As  discussed  in  Chapter  2,  the  study  of  prediction  accuracy  and 
compliance provides little information on environmental management activities and the actual environmental 
outcomes of projects. The previous EIA audit study, in which the present author was involved, can be viewed 
as a first generation approach to EIA evaluation which has been substantially modified and refined in this 
research in response to the earlier findings. 
 
A common approach in the methodologies of the previous EIA audit study and this research has been the 
division of the EIA process into separate components represented by different database files. The separate files 
are useful for several reasons. Firstly, the amount of effort channelled into each component of the EIA process 
may vary considerably. For example, while many discrete predictions may be made on a wide range of subjects, 
monitoring programmes may target only a core group of particular issues. Secondly, because of the variations 
in the number of database entries for each EIA component, the interactions between the components do not 
always represent one to one relationships. For example, several predictions on a particular subject may all be 
addressed by a single management action. It was found that separate files enabled these relationships to be 
explored most effectively. Finally, separate files facilitate ease of data input and control. 
 
The relationship between the EIA process in Western Australia and the four database files is summarised in 
Figure 3.1. While the database contains terminology unique to the specific EIA process currently in operation in 
Western Australia, it is intended to be equally applicable to other EIA system. This could be achieved through 
modification of the terminology (eg. substituting reference to the Western Australian EPA with the appropriate 
EIA review and/or decision-making body). Although the specific file fields (discussed in Section 3.4) relate to 
the Western Australian practice of EIA, the four database files have been conceptualised in the context of a 
generic EIA process. In other words, the files can be adapted to accommodate impact predictions, occurrence of 
actual impacts, environmental management actions and environmental monitoring programmes for individual 
projects  within  any  EIA  system.  Consequently,  while  the  database  has  been  presented  here  in  a  Western 
Australian context, it is intended that the specific terminology and field design could be adapted, as required, 
for other EIA systems. 
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DATABASE FILES AND EIA PROCESS 
 
 
  Pre-Decision Stage       
  INITIAL PROJECT PLANNING 
REFERRAL TO EPA  
     
         
  EPA GUIDELINES FOR EIS DOCUMENT       
         
  EIS DOCUMENT PREPARED       
    impact predictions 
  management commitments 
  monitoring programme 
  Predictions File 
Management 
File 
Monitoring File 
 
         
  PUBLIC REVIEW OF EIS 
EIS DOCUMENT ASSESSED BY EPA, 
EPA RECOMMENDATIONS, 
CONDITIONS IMPOSED BY MINISTER 
     
    additional impact predictions 
  management conditions 
  monitoring conditions 
  Predictions File 
Management 
File 
Monitoring File 
 
         
  Transitional Stage       
  EMP DOCUMENT (if required)       
    management programme 
  monitoring programme 
  Management 
File 
Monitoring File 
 
         
  Post-Decision Stage       
  IMPACTS OCCUR, 
ENVIRONMENTAL MANAGEMENT 
AND MONITORING UNDERTAKEN, 
ANNUAL REPORTING 
     
    monitoring programme enables 
  impacts to be identified 
  predictions verified 
  ongoing environmental 
  management 
  Impacts File 
Monitoring File 
Predictions File 
Management 
File 
 
         
Figure 3.1: EIA procedure and sources of information for the four database files 
 
In Figure 3.1, it is assumed that EIA commences during the pre-decision stages of the EIA process during initial 
project conceptualisation and planning by proponents. In Western Australia, there is often no published and 
publicly  available  information  concerning  the  project  at  this  time  (although  initial  planning  and  feasibility 
studies were undertaken by proponents for several of the case studies examined in this research). At some 
point, formal administrative EIA procedures are triggered through the referral of a project for assessment. In 
Western Australia, projects are referred to the EPA for assessment. Under the current legislation, anyone can 
refer a project to the EPA for consideration. 
 
Following the decision by the Western Australian EPA to formally assess a project, it provides the proponent 
with  guidelines  for  the  preparation  of  the  appropriate  EIS  document  (details  on  the  different  EIS  options 
available  are  described  in  Appendix  1).  The  subsequent  EIS  document  provides  the  basis  for  much  of  the 
database files. Impact predictions are recorded in the Predictions File, any proponent commitments concerning 
the management of the project and its potential environmental impacts are recorded in the Management File, 
while proposals for environmental monitoring are recorded in the Monitoring File. 
 
The EIS document is subject to a public review process followed by EPA assessment. The EPA prepares a report 
on the project in response to the EIS and the outcomes of the public review process, during which it may make 
additional impact predictions and propose additional management actions or monitoring programmes. The 
EPA also makes recommendations in its report concerning the environmental acceptability of the project and 
whether or not it should be permitted to proceed. The final decision, however, rests with the Minister for the   38 
Environment and others, who subsequently establish the conditions of approval if granted. This event marks 
the end of the pre-decision stage of EIA. 
 
For major or complex projects, proponents may be required to prepare an EMP prior to project implementation. 
Preparation of an EMP occurs during the transitional stage of EIA and may result in the establishment of new 
environmental management and monitoring actions. These are subsequently recorded in the relevant database 
files. 
 
Project implementation occurs during the post-decision stage of EIA and generates important information for 
all  four  database  files.  This  is  when  the  actual  environmental  impacts  occur  and  these  are  recorded  in  the 
Impacts File. Environmental management actions are implemented and environmental monitoring is carried 
out. The results of monitoring programmes enable the impact predictions to be verified. Monitoring results are 
typically presented in annual and triennial reports prepared by proponents and submitted to the EPA. 
 
Figure 3.1 and the preceding discussion have indicated the types of EIA documents which were used to source 
relevant information on each project for the database files. In summary these were: EIS documents, project 
assessment reports prepared by the EPA, approval conditions established by the Minister for the Environment, 
EMP documents (if any) and annual monitoring reports. Additional information was obtained in anecdotal 
form through interviews and discussions with project managers plus responsible regulatory and assessment 
agency staff. Multiple interviews were conducted for each case study to enable anecdotal information to be 
verified and backed up by more than one person (although in practice, only the original source of information is 
indicated). For some of the case studies, limited access to relevant Department of Environmental Protection (the 
government  support  agency  for  the  EPA)  files  was  permitted.  Some  useful  information  was  subsequently 
gleaned from reading correspondence and unpublished reports on specific aspects of those projects. The source 
of information in all instances is indicated when discussing the results obtained for each case study (Chapters 4-
10). 
 
Specific details of the database design are presented in the following section. 
 
 
3.4  DATABASE FILE FIELDS 
 
This section presents details of the individual fields within each of the four database files. Much of the case 
study results chapters (4-10) are presented in the context of these fields. It is therefore important to explain their 
function and the rationale behind their design. In summary, individual fields are predominantly intended to 
provide  useful  information  with  respect  to  testing  the  theoretical  EIA/environmental  management  model 
outlined in Chapter 2. Some fields are intended to document specific environmental management activities in 
order to allow the EIA/environmental management relationship to be explored. Some fields seek to document 
the origin of particular activities in order to differentiate between specific influences on the EIA process (eg. to 
distinguish between internal and external initiatives). Finally some fields attempt to document the particular 
nature of EIA activities (eg. evidence of rational EIA). The purpose of each database field is indicated as they are 
discussed individually in Sections 3.4.1-3.4.5. 
 
Two types of fields are utilised throughout the database files: "character" and "memo" fields. Character fields 
are limited in length and have been designed to comprise a series of options of which only one can be selected 
at a time. Memo fields have unlimited character length to allow textual information to be recorded to whatever 
level of detail is necessary. 
 
Details of the individual fields within each of the four database files are given in Figures 3.2-3.5. The full name 
of the field (which indicates field function) is indicated in the left hand column and, for the character type fields 
only, an options list is presented in the adjoining column. These options are indicated by a "check-box". All 
records must have an option selected in each of these fields. Hence, in some cases the options may include 
'none', 'not relevant' or 'not applicable' categories. A blank cell in the right hand column, applicable only to the 
memo type fields, denotes the space in which a textual response would be recorded. 
 
In practice, the FoxPro software restricts the names of the database file fields to a length of only eight characters 
but these have been expanded (often in the form of a question to be answered) for the purposes of clarity about 
the  specific  function  or  purpose  of  each  field.  Most  fields  are  self-explanatory  but  some  require  specific 
elaboration. 
 
A number of fields appear in each of the four database files. The "Subject" and "Environmental Component" 
fields  are  character  type  fields  which  contain  the  exact  same  list  of  options  in  each  database  file.  For  the 
purposes of brevity, these options have not been included in Figures 3.2-3.5 and their name is simply denoted in 
italics to indicate their location in each database file. 
 
In the following discussion, the fields within each database file are dealt with in turn commencing with those 
common  to  the  four  database  files.  These  are  addressed  first  collectively  (in  Section  3.4.1)  so  as  to  avoid   39 
repetition. In the discussion, the field names are presented as underlined headings with the discussion of their 
usage and function beneath. 
 
 
3.4.1  COMMON DATABASE FIELDS 
 
Key Field (eg. Prediction ID) 
The first field in each of the four principal database files is a key or record identifying field denoted in Figures 
3.2-3.5 by the database name and the abbreviation of identification (ID). A three part system for identifying 
individual records was used to distinguish between the six case study projects, the particular database file and 
individual records within each file. The first two were denoted by use of appropriate initials and the individual 
records for a particular project were then numbered sequentially. 
 
Reference/Datasource and Comments 
Two fields were included in each database file to record information sources. The Reference field was used to 
record the relevant EIA document and page number where the particular prediction or management action etc. 
was found. The Datasource and Comments field was used to record the details of the documents or people 
interviewed who provided the follow-up information on the particular item plus any additional comments or 
relevant information. 
 
Subject/Environmental Component 
Separate Subject and Environmental Component fields were common to all four database files. Each record was 
assigned  a  subject  and  corresponding  environmental  component  from  the  list  presented  in  Table  3.1. 
Classification of records in this way was included to enable comparative analysis of how different aspects of the 
environment were dealt with. 
 
In  assigning  a  subject  and  environmental  component  to  a  database  record,  only  the  primary  issue  was 
considered as indicated or directly implied by the wording in the EIA documentation, not any higher order or 
flow-on issues which may correspond to a different subject and environmental component. For example, a 
number of predictions for the Cape Peron Ocean Outfall project forecast a potential adverse impact on lobster 
populations  in  the  vicinity  of  the  outfall.  These  were  assigned  a  biological  rating  in  both  the  subject  and 
environmental  component  fields  as  they  were  perceived  to  be  framed  in  this  context,  i.e.  as  an  important 
biological resource. Clearly, however, in the event that lobster populations were severely adversely affected by 
the project, an economic impact could also arise as a secondary consequence, since a significant commercial 
fishery is based on lobsters along the WA coastline. If the commercial value of lobsters had also been discussed, 
then an additional and separate prediction record would have been created which would have been assigned 
the economic category in the Subject field and social category in the Environmental Component field. 
 
Subject  Environmental 
Component 
Air 
Water 
Landform/Soil 
Physical Processes 
Physical 
Biological  Biological 
Human 
Recreation 
Economic 
Social 
Table 3.1: Options Within the Subject and Environmental Component Fields 
 
It can be seen from Table 3.1 that the Subject options form a subset of the Environmental Component categories. 
The physical subset was clear in terms of matters affecting either the air, water (including ocean, surface or 
ground water resources) or land components of the physical environment. The additional category of physical 
processes refers to matters affecting a naturally occurring process such as longshore sand movement in a coastal 
system or wind erosion processes. This category was used when the emphasis concerned possible alteration to, 
or dependence on, such a process rather than the effect on the medium in which it was operating. 
 
In  the  social  subset,  the  human  category  was  used  for  aspects  affecting  the  quality  of  life  of  people  either 
involved directly with a project or influenced by it (eg. noise impacts). The other two categories were specific to 
recreational or economic activities. 
 
It would have been possible to have further divided the biological category within the Subject field to, for 
example, distinguish between activities affecting flora and fauna or ecological functions. However, it was found 
that there was no real value in doing this as significant areas of overlap would result. For example, predictions 
of habitat loss frequently refer to both flora and fauna losses simultaneously. Separation into fauna and flora 
would result in unnecessary duplication of the predictions in the database. A similar approach was used by   40 
(Culhane  et  al.  1987)  who  reported  that  discussions  of  habitat,  population  and  species  impact  within  EIS 
documents were often indistinguishably interrelated. 
 
The  Subject  field  categories  used  in  this  research  were  based  upon  those  utilised  by  (Hobbs  et  al.  1990)  to 
describe the impact predictions and observed impacts recorded in their audit of artificial waterway projects. 
Amendments and additions were made to represent more adequately the range of issues identified in the six 
case studies examined in this research. 
 
The following section presents a description of specific fields within the Predictions File of the database.  
 
 
3.4.2  DATABASE FIELDS WITHIN THE PREDICTIONS FILE 
 
The database fields within the Prediction File are depicted in Figure 3.2. 
 
Predictions File 
Prediction ID   
Reference   
Describe Prediction   
Subject/Environmental Component   
Significance of Predicted Impact  Direct 
Indirect 
Not Related 
How Was Impact Addressed?  Prediction 
General Identification 
Nature of Prediction  Quantitative 
Qualitative - Precise 
Qualitative - Vague 
Nature of Predicted Impact  Adverse 
Beneficial 
Neutral 
Was Any Management Action Related?  Yes 
No 
Describe the Management Action   
Did an Impact Occur?  Yes 
No 
No Information 
Why Didn't the Predicted Impact Occur?  EIA Management 
Design Change 
Accurate Prediction 
Inaccurate Prediction 
Other 
No Information 
Not Applicable 
Explain Why Impact Didn't Occur   
Data-Source and Comments   
Figure 3.2: Individual Fields Within the Predictions File 
 
Describe Prediction 
This text field was used to record actual impact predictions. In the manner of Bailey et al. (1992), a prediction 
was defined as any statement that predicted a change, or no change, to any part of the biophysical or social 
environment as a result of project implementation. It was not uncommon for predictions on a particular subject 
to either overlap within a particular section of an EIA document or to be repeated in subsequent sections or 
documents. Dual statements on the same subject that appeared to overlap were amalgamated into a single 
prediction while repetitive predictions were only recorded once. For predictions that were repeated in other 
documents  (eg.  the  EPA  may  reiterate  a  prediction  made  in  an  EIS  document),  the  original  statement  was 
utilised and its origin duly recorded in the Reference field. 
 
Significance of Predicted Impact 
This field was used to determine the relationship of the subject matter of a prediction with a list of significant 
issues  for  the  particular  case  study  being  examined.  The  list  of  significant  issues  are  those  that  the  EPA 
considered to be of particular importance or concern during assessment. These were identified in the guidelines 
for the EIS document prepared by the EPA and from the EPA's assessment report on a particular project. An   41 
issue was considered to be significant if either explicitly stated to be so in the text of the EPA's guidelines for the 
EIS document and/or the assessment report, or if a specific recommendation had been formulated about it. The 
list of significant issues identified for each case study are presented in the discussion chapters (4-9). 
 
The means of determining impact significance in EIA has been reported on by several authors previously. For 
example, Thompson (1990) undertook a review of 24 EIA methodologies to determine the way in which each 
addresses  the  issue  of  impact  significance.  Several  other  authors  have  proposed  various  techniques  for 
determining the significance of impacts. Haug et al. (1984) suggested that the significance of a particular issue 
was determined by a threshold of concern (eg. prescribed legal limits, level at which ecosystem functions are 
adversely affected, social expectations etc.) and the probability of occurrence that a particular threshold will be 
exceeded. Duinker and Beanlands (1986) suggested that it was necessary to consider the importance of the 
environmental attribute to decision-makers, the distribution of change in time and space, the magnitude of 
change  and  the  reliability  with  which  change  has  been  predicted  or  measured  in  order  to  determine  the 
significance of an environmental impact. Canter and Canty (1993) undertook a survey of definitions of impact 
significance contained in EIA guidelines from around the world and produced 10 questions which can be used 
to determine the significance of potential impacts. In a similar approach to Haug et al. (1984), the questions 
determine whether a potential impact was likely to exceed existing guidelines, thresholds, laws or concerns 
regarding  a  particular  issue.  The  value  of  these  approaches  to  determining  impact  significance  is  not 
challenged. However, the emphasis is on EIA practitioners to apply criteria on an individual basis to determine 
impact significance; a process which Gilpin (1995, p6) suggests remains highly subjective and depends upon the 
opinion, knowledge and experience of the persons involved. 
 
For this research and the overall audit methodology, a system was sought that avoided bias on behalf of the 
person undertaking the audit. This meant that it was desirable to avoid the need to determine a variety of 
thresholds of significance or concern which may be open to personal interpretation. It was decided that the 
work of the EPA as the body responsible for administering EIA in Western Australia would best be used as a 
guiding factor since in practice they are responsible for firstly identifying significant projects which will be 
subject to EIA, and secondly to identify and address significant issues within these projects. One feature of this 
approach is that the list of significant issues for a case study is tailored to that particular project (i.e. the EPA 
address each project individually rather than define and apply a standardised list of issues considered to be 
significant in Western Australia). The types of issues that are perceived to be significant by the EPA will change 
over  time  in  response  to  changes  in  the  quality  of  environmental  resources  plus  increased  knowledge  and 
awareness  of  environmental  issues  and  project  outcomes.  Therefore,  the  use  of  the  EPA's  indication  of 
significance on a project by project basis provides a measure of impact significance to decision-makers at the 
time when the principal approval decision was made. This approach was previously used by Bailey et al. (1992) 
to categorise issue significance for EIA auditing purposes. 
 
The three options available in the Significance of Predicted Impact field record the extent to which a predicted 
impact relates to a significant issue as perceived by the EPA. Before describing these options, the relationship 
between an issue and an impact should be clarified. An issue may be a statement of concern for a particular 
portion of the environment (eg. maintenance of groundwater resources) while an impact would be a specific 
change to all or part of that environment (eg. decreased groundwater levels, increased groundwater salinity or 
nutrient concentrations etc.). Hence, in practice the potential impacts identified in predictions were compared 
with the list of significant issues identified by the EPA for a particular project. The predicted impact could be 
directly or indirectly related to a significant issue or be not related at all. The direct and not related categories 
are straightforward. However, the indirect category are used in one of two ways: 
  when a prediction or impact concerned a secondary or flow-on effect from a perceived significant issue (eg. 
the effect of the altered groundwater regime on a downstream user or ecosystem); or 
  for issues that the EPA mentioned only briefly in the text of its report but for which it had not stated its 
perceived significance. In other words, if the EPA did not label something as a significant issue but evidently 
thought that it was important enough to mention in their report, then it was considered to be of lesser 
significance and hence recorded under the indirect category. In this instance, a predicted impact could only 
have an immediate connection with the issue to be given this rating, i.e. secondary effects were not utilised 
here. 
 
How was Impact Addressed? 
The How was Impact Addressed? field allows for recognition of issues that may have only been identified or 
discussed in the EIA documents without formal predictions being formulated. The rationale behind this was 
that simple identification of potential issues may be sufficient to ensure that appropriate management actions 
were put in place. Formal impact predictions, which were usually easy to identify, were considered to be those 
that contained phrases with words such as "impact", "affect" or "effect" and/or words that in some way indicate 
the probability of an event occurring (eg. "will", "will not", "may", "likely to", "unlikely to" etc.). 
 
Informal impact predictions, or statements of general identification of issues fell into two categories. Firstly 
those that simply discussed an issue in general terms without a formal prediction being formulated and where 
the environmental outcomes tended to be implied rather than stated explicitly. These often became apparent if a 
management action was proposed in the absence of an explicit statement of outcome. Secondly, predictions 
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standards were treated as general identification of issues. An example of the former could be the estimates of 
rainfall  and  river  flow  for  a  water  supply  dam  project.  These  have  indirect  bearing  on  other  issues  and 
predictions for the project, because clearly if these estimates are wrong, then predicted downstream flows and 
dam water levels would be different to the predicted outcomes, resulting in impacts that may be greater or less 
than expected. An example of the latter would be a statement that certain air emission standards will be met for 
an industrial project. In the absence of any further explanation, these statements imply that by meeting the 
required emission standards, no unacceptable environmental impact would occur. While the statement would 
not represent an explicit prediction about air quality, it can be considered to implicitly represent a general 
identification of a potential concern. 
 
Nature of Prediction 
Previously Bailey et al. (1992) classified predictions according to whether they were expressed in qualitative or 
quantitative terms. This classification was found to be in need of further clarification as qualitative predictions 
could vary tremendously in terms of their level of precision. Hence, this category was divided into qualitative 
predictions that were precise and those that were vague. A vague prediction was one which only generally 
indicated the nature of the predicted impact (eg. an adverse effect on a vegetation community) while a precise 
prediction indicated more specific details (eg. it named a particular species that would be affected or indicated 
the particular form of degradation that may occur). A quantified prediction was regarded as any statement that 
provided a numerical estimation of a potential environmental change (eg. it could be expressed in terms of land 
areas, volumes, concentrations, monetary value etc.). 
 
Nature of Predicted Impact 
This field was used to rate the effect of each predicted impact as perceived by the author of the prediction in a 
similar manner to that utilised by Culhane et al. (1987). Each prediction was given one of three possible ratings: 
a potential impact could be considered to be either adverse, beneficial or neutral. Where the author of the 
prediction  stated  explicitly  whether  the  impact  would  be  adverse  or  beneficial,  these  ratings  were  used. 
Otherwise,  adverse  impacts  were  defined  as  those  that  would  cause  a  change  that  was  not  stated  to  be 
beneficial in the existing environmental quality for that component of the environment. Neutral impacts were 
defined as those impacts that would result in no change in environmental quality. These included predictions 
that stated that particular emission standards would be met (i.e. the implication was that meeting an acceptable 
emission standard would mean that no adverse environmental impact would arise). 
 
Was Any Management Action Related?/ Describe the Management Action 
This field was aimed at exploring the relationship between impact predictions and environmental management 
actions. By recording, the number of yes and no responses to the field name question, this field could be used as 
an indicator of how environmental management actions related to the prediction of potential environmental 
impacts. It was intended that this field would also provide some useful information on the relationship between 
EIA and environmental management. Where the answer to the question was 'yes', a separate text field was used 
to describe the related environmental management actions. 
 
Did an Impact Occur? 
This was the first of several fields that seek to examine project outcomes. It was used as an indicator of how 
many predictions actually resulted in an impact being recorded. 
 
Why Didn't the Predicted Impact Occur?/Explain Why Impact Didn't Occur 
The Why Didn't Impact Occur? field was used to document how potential impacts were avoided or to explain 
why they didn't eventuate in practice. The impact avoidance options included changes to project design and 
environmental management actions established during the EIA process which were implemented to prevent a 
potential identified impact from occurring. Hence, this aspect of this database field was intended to partially 
address an important aspect of the EIA/environmental management relationship (i.e. management to avoid the 
occurrence of adverse impacts). 
 
Two additional ways in which a potential impact identified in a prediction might not eventuate related to 
prediction  accuracy.  Firstly,  a  prediction  that  stated  that  an  impact  would  not  occur  which  proved  to  be 
accurate. Secondly, a prediction that expected an impact to occur but proved to be inaccurate. In some cases, a 
finding of no impact might not in itself mean that an impact had not occurred in practice. This was because that 
particular issue or impact may not have been monitored. Hence the 'no information' category was also very 
important in order to fully understand the prediction/impact outcomes. 
 
This field was supported with a text field (Explain Why Impact Didn't Occur) to provide the opportunity to 
document any specific details for a predicted impact not occurring. 
 
The individual fields within the Impacts File are now described. 
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3.4.3  DATABASE FIELDS WITHIN THE IMPACTS FILE 
 
The database fields within the Impacts File are outlined in Figure 3.3. 
 
Describe Impact 
This was a text field where the observed impacts were recorded in full. Consistent with the approach adopted 
by  Haug  et  al.  (1984)  and  Bailey  et  al.  (1992)  and  the  corresponding  definition  of  a  prediction  previously 
described, an impact was defined as any change in the biophysical or social environment identified as a result 
of project implementation. Where possible, information on the magnitude of each impact was also recorded (eg. 
the  extent  of  change  or  whether  a  particular  environmental  standard  was  exceeded).  The  source  of  project 
impacts for this research was based on written information or verbal accounts of the persons interviewed only. 
No attempt was made to personally measure or determine project impacts. 
 
How was Impact Detected? 
This field was used to record the scientific rigour with which impacts were determined. The range of options 
were defined as follows: 
  Before-After/Control-Impact  (BACI)  Monitoring:  A  comprehensive  approach  to  monitoring  to  detect 
potential impacts as defined by Green (1979). 
  Control or Before-After Only: Monitoring that used only one of either control sites or baseline data and post-
project monitoring during sampling. 
  Regular Measurement: This referred to monitoring of the impact site only, that occurred on a continuous or 
regular basis and which commenced after the project was implemented. 
  Some Measurement: Monitoring in which irregular measurements only were undertaken (eg. a perceived 
problem may have been observed visually by a project manager who then subsequently undertook some 
measurements to determine whether a real problem actually existed). 
  Observation Only: This referred to monitoring that was based purely on inspection or visual observation 
only with no measurement being undertaken. 
  Inevitable: This referred to obvious or inevitable impacts that were direct and unavoidable consequences of 
project implementation (eg. habitat loss caused by construction of project facilities). 
 
Impact Significance 
This  field  draws  on  the  same  list  of  significant  issues  established  for  each  case  study  based  on  the  EPA's 
indication of issue significance as described previously for the Significance of Predicted Impact field in the 
Predictions File. In practice it was found an impact could only represent a significant or non-significant issue 
(i.e. it could not be considered to be indirectly related to a significant issue as was the case for classifying 
predictions).  This  was  because  actual  impacts  were  identified  as  discrete  and  specific  changes  in  the 
environment  which  could  clearly  be  classified  as  either  significant  or  non-significant.  An  additional  third 
category was used to document new impacts (i.e. an impact or related issue not previously considered in the 
pre-decision EIA documents). 
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Impacts File 
Impact ID   
Reference   
Subject/Environmental Component   
Describe Impact   
How was Impact Detected?  BACI Monitoring 
Control or Before-After Only 
Regular Measurement 
Some Measurement 
Observation Only 
Inevitable 
Impact Significance  Significant 
Not Significant 
New Impact 
Was Impact Predicted or Identified in 
EIA Documents? 
Yes 
No 
Predictive Success  Accurate Prediction 
Inaccurate Prediction 
Unexpected Impact 
Impact Outcome Compared To 
Prediction 
Better 
Worse 
Same 
Not Applicable 
Describe any Difference   
Why Did Impact Differ From Prediction?  Design Change 
Poor Management 
Good Management 
Inaccurate Prediction 
Other 
Not Applicable 
Reason Different to Prediction   
Why Was Impact the Same as 
Predicted? 
Inevitable 
Planned EIA Management 
Good Predictive Technique 
Not Applicable 
Reason Same as Predicted   
Management Response to 
Impact 
Minimise Impact 
Rectification 
Compensation 
None 
Other 
Not Required 
Describe the Management Response   
Any Ongoing Monitoring After Impact?  Yes 
No 
Not Required 
Describe Monitoring Programme   
Any Ongoing Management After 
Impact? 
Yes 
No 
Not Required 
Describe Ongoing Management Action   
Data-Source and Comments   
Figure 3.3: Individual Fields Within the Impacts File 
 
Was Impact Predicted or Identified in EIA Documents? 
This field was used to relate the occurrence of actual impacts with the original predictions. Hence, it could 
provide some indication of predictive success in terms of how many impacts were anticipated or not. 
 
Predictive Success 
This field was used to record the accuracy of predictions. Location of this field in the Impacts File rather than 
the Predictions File (as previously undertaken by Bailey et al. 1992) served to eliminate predictions for which 
there was no impact resulting from consideration, and thereby achieve a more useful view of predictive success   45 
in terms of actual environmental change. The purpose of this was not to discount the importance of the accurate 
predictions  of  no  impact  to  EIA  decision-makers,  but  rather  to  maintain  the  focus  of  this  research  on 
environmental  outcomes.  Options  were  provided  for  impacts  that  were  accurately  predicted  to  occur, 
inaccurately predicted impacts (i.e. an impact that was expected not to occur, but did occur in practice), and 
new or unexpected impacts for which no prediction has been made. 
 
Impact Outcome Compared to Prediction/Describe Any Difference 
This  field  provided  further  information  on  predictive  success  in  terms  of  whether  the  actual  outcome  was 
better, worse or the same as predicted. Rather than attempt to determine personally the outcome of impacts 
compared to predictions, the interpretations of the authors of monitoring reports and the people interviewed 
were utilised. A text field was used to document the difference between the actual impact and the original 
prediction (where applicable). 
 
Why  Did  Impact  Differ  From  Prediction?/Reason  Different  to  Prediction/Why  Was  Impact  Same  as 
Predicted?/Reason Same as Predicted 
Two fields were included in the Impacts File to compare the actual impact outcome with the predicted impact 
(Why Did Impact Differ From Prediction? and Why Was Impact Same as Predicted?) to determine whether any 
differences or similarities could be attributed to project design changes, the implementation of environmental 
management actions or the predictive technique used. These two options fields were supported by equivalent 
text  versions  (Reason  Different  to  Prediction  and  Reason  Same  as  Predicted)  to  provide  an  opportunity  to 
record  any  special  details  for  each  impact.  The  purpose  of  these  fields  was  to  help  understand  the 
EIA/environmental management relationship in a similar fashion as the two fields in the Predictions File which 
accounted for why some predicted impacts did not occur in practice. Further information on this relationship 
was also sought in the following two fields. 
 
Management Response to Impact/Describe the Management Response 
The Management Response to Impact field was used to record how observed impacts were treated by project 
management. The main options for this field included: 
  Minimise Impact: This category referred to action which sought to minimise the extent of an impact which 
was  an  inevitable  or  unavoidable  consequence  of  a  project  (eg.  minimise  the  area  of  clearing  around  a 
construction site by fencing sections to prohibit worker or machinery access). 
  Rectification: The management response was primarily a repair or rehabilitative measure. 
  Compensation: The impact could not be reversed or avoided and compensation either as some sort of habitat 
exchange or payment of money was undertaken. 
  None: There was no response to an observed impact by a project management body, but the impact was 
severe  enough  to  warrant  action  and  it  would  have  been  possible  to  undertake  some  form  of  action. 
Information for this category tended to become apparent only during interviews with EIA administrators 
and project managers. 
  Not Required: This category was utilised for impacts for which a management response was not required. 
This could be either because the impact was intentional as an inevitable component of project design, or 
because it was not serious enough to warrant any management response. 
This field was supported by a text field (Describe the Management Response) in which particular details of the 
management response were recorded. 
 
Any Ongoing Monitoring After Impact?/Describe Monitoring Programme/Any Ongoing Management After 
Impact?/Describe Ongoing Management Action 
These fields were intended to record whether there was any ongoing management or monitoring related to the 
observed impact and provide the opportunity to record the details of the approach adopted. As with several of 
the  previous  fields,  these  were  intended  to  explore  the  EIA/environmental  management  relationship  with 
respect  to  the  ongoing  nature  of  management  and  monitoring  actions  in  terms  of  actual  environmental 
performance. 
 
Specific fields within the Management File of the database are examined in the following discussion. 
 
 
3.4.4  DATABASE FIELDS WITHIN THE MANAGEMENT FILE 
 
The database fields within the Management File are depicted in Figure 3.4. 
 
 Describe Proposed Action 
This field was used to record all proposed management actions made in pre-decision EIA documents. These 
could  be  either  in  the  form  of  voluntary  commitments  made  by  the  proponent  of  a  project  or  as 
recommendations made by the EPA and/or more recently Ministerial conditions of project approval. It was also 
used to record new management actions implemented during the post-decision stages of EIA. 
 
A  management  action  was  defined  as  an  activity  related  to  an  environmental  issue  or  impact.  This  was 
determined based on the wording contained within the EIA documents. In practice, most management actions   46 
were  framed  in  response  to  identified  potential  impacts  or  concerns.  The  definition  was  not  extended  to 
standard  project  design  features  with  no  obvious  environmental  connection.  Previously  Bailey  et  al.  (1992) 
included an Actions File in their database design which recorded the specific components of a project's design 
and any subsequent changes thereto. Project design elements were only included as management actions in the 
present study if they contributed directly to environmental performance (eg. installation of a scrubber unit on a 
gaseous waste emission stack to minimise the release of air pollutants). 
 
Management File 
Management ID   
Reference   
Describe Proposed Action   
Subject/Environmental Component   
Was Proposed Management Action 
Implemented? 
 
Yes in Detail 
Yes in Part 
Yes in Effect 
Not Applicable Yet 
No 
No Information 
New Action (Post-Decision) 
Origin of Management Action  Proponent Commitment Only 
Legal Condition Based 
on Proponent Commitment 
EPA Recommendation Only 
Legal Condition Based 
on EPA Recommendation 
Other Legislative Requirement 
New Action (Post-Decision) 
Describe Management Origin   
Nature of Management Action  Avoidance of Impact 
Initial Impact Minimisation 
Rectification or Rehabilitation 
Ongoing Impact Minimisation 
Compensation 
Was a Related Prediction Made?  Yes 
No 
Was Related Monitoring 
Undertaken? 
Yes 
No 
Not Required 
Data Source and Comments   
Figure 3.4: Individual Fields Within the Management File 
 
Was Proposed Management Action Implemented? 
This field performed a compliance audit function by determining the extent to which proposed management 
actions were implemented when the projects were constructed and operated. The same categories used by 
Bailey and Hobbs (1990) and Bailey et al. (1992) in their compliance audit were utilised here. These included 
three categories of yes. A management action could be implemented fully ('yes in detail') or only partially ('yes 
in  part'),  while  in  some  cases  a  different  management  method  or  procedure  from  that  proposed  was 
implemented but which achieved the same objectives ('yes in effect'). Proposed management actions that were 
not implemented in practice were assigned the 'no' category. Some management actions were not applicable at 
the time of auditing because they were proposed for an event that had not yet occurred (eg. implementation of 
contingency plans for accidents). Management actions implemented during the post-decision stages of projects 
that had not previously been identified in pre-decision EIA documents were classified as new actions. 
 
Origin of Management Action/Describe Management Origin 
This field was used to classify management in relation to the body that proposed them in the first place and 
whether they were compulsory or voluntary actions. Under the Environmental Protection Act 1986, proponent 
commitments and EPA recommendations were made legally binding, whereas these held voluntary status only 
under the terms of the Environmental Protection Act 1971. In some cases, other legislative requirements ensured 
that  environmental  management  actions  were  legally  binding.  The  remaining  option  referred  to  the  new 
management actions already classified in this way in the previous field. New actions are those that evolved 
over  time  once  the  project  had  commenced,  either  in  response  to  observed  impacts  or  other  indicators  of 
environmental  performance.  The  intention  of  this  field  was  to  help  understand  the  extent  to  which 
environmental  management  could  be  attributed  to  the  EIA  decision-making  process  itself.  The  field  was   47 
supported by a text field (Describe Management Origin) to record any special details that arose for individual 
records. 
 
Nature of Management Action 
This field enabled management actions to be classified in relation to potential or actual environmental impacts. 
A similar range of options was utilised in the Management Response to Impact described previously in the 
Impacts File. The major difference here is that some management actions were pro-active (i.e. an impact was 
anticipated which project managers subsequently sought to avoid or minimise), whereas those recorded in the 
Impacts File were reactive actions only (i.e. the impact had already occurred). The five categories utilised here 
were based on the US Council on Environmental Quality definitions as cited by Roelle and Manci (1993 ): 
  Avoidance of Impact: Actions taken or changes to project design and implementation that ensured that a 
potential impact was avoided altogether (eg. a change in technology that would eliminate an impact that 
would otherwise have occurred). 
  Initial Impact Minimisation: While some level of impact could be avoided, action could be taken to minimise 
the extent or magnitude of the impact from the outset (eg. minimising the area of clearing required for 
project construction and operation). 
  Rectification  or  Rehabilitation:  Action  taken  to  repair  or  restore  a  disturbed  site  caused  by  project 
development and operation. 
  Ongoing Impact Minimisation: Some impacts were ongoing during project operations and this category was 
used when management was also ongoing in an attempt to minimise the extent or magnitude of the impact 
(eg. restricting hours of operation to minimise noise disturbance). 
  Compensation: Action taken to compensate for the loss of a particular resource (eg. could be payment of 
money to affected persons or replacement of lost habitat). 
 
Was a Related Prediction Made? 
This field was used to relate the implementation of environmental management actions with the identification 
and prediction of potential impacts in the pre-decision EIA documentation. 
 
Was Related Monitoring Undertaken? 
This field was used to give an indication of the extent to which management and monitoring activities were 
conducted in tandem. One option included here recorded those management actions for which no monitoring 
was required (eg. a management action taken to avoid a predicted impact altogether or a management action 
relating  to  a  minor  environmental  issue  might  not  have  a  requirement  for  those  potential  impacts  to  be 
monitored). 
 
Specific fields within the Monitoring File itself are discussed in the following section. 
 
 
3.4.5  DATABASE FIELDS WITHIN THE MONITORING FILE 
 
The database fields within the Monitoring File are indicated in Figure 3.5. 
 
Was Monitoring Proposed in EIA Documents?/Was Monitoring of Issue Actually Undertaken? 
The Was Monitoring Proposed in EIA Documents? field was used to record monitoring activities proposed in 
the  pre-decision  EIA  documentation.  Hence  it  distinguished  pre-decision  and  transitional  stage  monitoring 
programmes from new programmes developed during the post-decision stages of EIA. The Was Monitoring of 
Issue Actually Undertaken? field recorded whether or not monitoring proposed in pre-decision EIA documents 
was actually undertaken once the project was commissioned. If the 'no' option was selected here, then the 
complete list of remaining option fields for that record would automatically be recorded as 'not applicable'. 
 
For the purposes of definition, monitoring was regarded as any form of investigative programme which sought 
to determine a project outcome. As such it could range from informal observation through to detailed sampling 
and testing programmes (refer to the Monitoring Classification field). 
 
Specific Parameter Monitored 
This text field was used to record and describe the specific environmental parameter that was monitored. Each 
parameter monitored was assigned to a single database record entry. For example, it could be stated in an EIS 
document that water quality would be monitored on an ongoing basis when the project was implemented. The 
water quality monitoring programme might then involve specific sampling of a number of parameters such as 
temperature, dissolved oxygen, nitrogen concentration, phosphorus concentration etc. These would then all be 
entered as individual records in the Monitoring File. 
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Monitoring File 
Monitoring ID   
Reference   
Subject/Environmental Component   
Was Monitoring Proposed in Pre-Decision EIA 
Documents? 
Yes 
No 
Was  Monitoring  of  Issue  Actually 
Undertaken? 
Yes 
No 
Specific Parameter Monitored   
Issue Significance  Direct 
Indirect 
Not Related 
Were  any  Associated  Management  Actions 
Proposed? 
Yes 
No 
Not Required 
Describe Monitoring Technique Used   
Frequency and Duration of Sampling   
Monitoring Classification  BACI Monitoring 
Control or Before-After Only 
Regular Measurement 
Some Measurement 
Observation Only 
Not Applicable 
Describe any Control Sites, Baseline Data or 
Statistical Analysis of Results Utilised 
 
Data Source and Comments   
Figure 3.5: Individual Fields Within the Monitoring File 
 
Issue Significance 
This  field  was  identical  to  the  Significance  of  Predicted  Impact  field  in  the  Predictions  File  as  described 
previously. It served to relate the specific environmental parameters monitored to the list of significant issues 
identified for each project by the EPA. The 'indirect' category was included here to account for monitoring 
programmes relating to secondary or flow-on effects from a significant issue. 
 
Were any Associated Management Actions Proposed? 
This  field  was  used  to  record  which  monitoring  programmes  were  related  to  environmental  management 
activities. 
 
Describe Monitoring Technique Used/Frequency and Duration of Sampling 
These two text fields provided the opportunity to record in detail the monitoring techniques used plus the 
frequency and duration of sampling for a particular environmental parameter being monitored. 
 
Monitoring Classification/Describe any Control Sites, Baseline Data or Statistical Analysis of Results Utilised 
The Monitoring Classification field used an identical classification record as for the How Was Impact Detected? 
field in the Impacts File described previously. A text field was then used to further document the extent of the 
use of any control sites, pre-project baseline monitoring during sampling and the use of statistical techniques to 
evaluate the monitoring data obtained. The purpose of these two fields was to determine the scientific rigour of 
individual environmental monitoring programmes. This was based entirely on the description of monitoring 
programmes  in  EMP  documents  and  annual  reports  or  that  provided  by  people  interviewed  during  this 
research. 
 
Having considered the individual fields of each file in the research database, the next section discusses the 
overall applications of the database. 
 
 
3.5  APPLICATIONS OF THE DATABASE AND RESEARCH INTERVIEWS 
 
This  section  describes  how  the  database  was  used  to  examine  the  EIA/environmental  management 
relationship. To do this, the role of each of the four database files and the database as a whole are considered in 
turn. An explanation of how information was derived from the database is provided. This is followed by an 
explanation of how the interviews were conducted and how the information obtained was utilised. 
 
One of the main functions of the Predictions File was to distinguish between those predictions that resulted in 
an impact occurring and those that did not. For the predictions where no impact was recorded it was important 
to  know  the  reason  why.  For  example,  whether  this  was  a  result  of  good  project  management,  inaccurate   49 
predictive technique or some other reason. It has been suggested by Duinker (1989) that the effectiveness of EIA 
at protecting the environment can be determined by comparing final environmental quality with the predicted 
results.  In  this  context,  it  is  very  important  to  understand  how  impacts  that  were  expected  to  occur  were 
avoided in practice. 
 
The Impacts File was used to document the actual outcomes of projects in terms of environmental quality and 
record how the observed impacts were responded to. It also enabled predictive success and impact outcomes to 
be compared with the original impact predictions. 
 
The  Management  File  was  used  to  document  the  origin  and  implementation  status  of  environmental 
management activities undertaken for the case studies. A connection was made with related impact predictions 
in  order  to  compare  the  pre-decision  stage  issue  identification  and  prediction  processes  with  the 
implementation of appropriate management actions. It may be that, irrespective of predictive capabilities and 
success, an important outcome of the requirement to address potential impacts in the EIA documents is that 
environmental  management  strategies  are  identified  and  implemented  during  project  planning  and 
development, resulting in improved environmental performance. In addition, implementation of management 
actions could actually avoid anticipated impacts altogether. 
 
The main purpose of the Monitoring File was to determine which issues were monitored with respect to subject 
and  perceived  issue  significance  and  to  examine  the  rigour  of  the  particular  monitoring  programme.  A 
connection was made with environmental management activities to determine whether there was evidence of 
feedback  from  environmental  monitoring  programmes  being  used  in  project  management  as  advocated  by 
Canter (1993) and Fairweather (1993). This file also enabled the scientific rigour of environmental monitoring 
activities to be recorded. 
 
Overall, the database was intended to provide a useful summary of the status and outcomes of each case study 
examined in terms of the specific EIA process experienced by that project. Hence, environmental outcomes in 
the form of the impacts recorded, management actions and environmental monitoring programmes undertaken 
can  be  understood  in  the  context  of  the  original  EIA  predictions,  issue  subject  and  significance,  legal 
requirements  etc.  In  addressing  each  of  the  database  fields,  substantial  information  on  each  project  was 
assembled into a format more comprehensive than that produced through the process of meeting procedural 
requirements alone (eg. compliance audit approach). It was intended that this could provide a useful account of 
projects  that  have  undergone  EIA  to  enable  a  better  understanding  of  how  the  EIA  process  achieves  its 
outcomes. 
 
The previous discussion has indicated the intentions and purpose of the research database but not revealed how 
information was actually derived from the database. The database contains two types of information according 
to the two types of fields (character and memo) utilised as follows. 
 
The use of a prescribed list of options within each character field enabled numerical results to be extracted from 
the  database.  A  tailor-made  FoxPro  programme  was  developed  which  queried  the  character  fields.  One 
function of this programme was to count the number of entries for each option category within the character 
fields. For example, for the Predictive Success field in the Impacts File the programme was used to determine 
how  many  impacts  were  accurately  predicted,  inaccurately  predicted  or  were  unexpected.  This  enabled 
patterns in the data for a particular field for a single case study to be revealed. A second function was to 
compare  two  fields  within  a  particular  database  file  by  counting  the  specific  combinations  of  options  that 
occurred. A simple statistical test (Chi-squared analysis) was then performed on the data obtained to test for 
significance of association between the options within different fields. 
 
The memo fields contain textual information designed to document specific details of individual records. This 
information  was  supplemented  with  a  written  account  of  each  project  drawn  from  the  overall  EIA 
documentation utilised in the research and from the interviews with EIA practitioners and project managers. 
Where  a  memo  field  documented  information  specific  to  an  individual  record  (eg.  a  particular  observed 
impact), the separate written account enabled multiple records or issues, incorporating one or more files (eg. all 
impacts concerning air quality plus the pollution control management measures described in the Management 
File),  to  be  discussed  collectively.  A  substantial  amount  of  useful  information  about  each  case  study  was 
recorded in this way. In addition, the combined memo field information and the written account of the case 
studies provided an important supporting role for the results obtained from analysis of the character fields. 
Where patterns became apparent based on the numerical analysis of database results, the textual information 
was consulted to test hypotheses for these patterns. 
 
An additional methodological consideration concerns the manner in which the database results and written 
account of each case study were used to address the EIA/environmental management model. In relation to the 
principal research question of 'When does the influence of EIA on environmental management occur?', the EIA 
process  can  usefully  be  divided  into  three  components  representing  the  pre-decision,  post-decision  and 
transitional stages. Records within the Management and Monitoring files of the database are treated in similar 
ways  to  enable  them  to  be  classified  according  to  these  three  stages.  With  respect  to  the  environmental 
management  records,  new  actions  (i.e.  post-decision)  are  noted  in  the  Was  Proposed  Management  Action   50 
Implemented?  field  where  the  implementation  status  of  proposed  (i.e.  pre-decision  and  transitional) 
management actions is recorded. In the Monitoring File, the Was Monitoring Proposed in Pre-decision EIA 
Documents? field is used to make the equivalent classification of these records. Hence, the database directly 
enables  post-decision  management  and  monitoring  activities  to  be  distinguished  from  pre-decision  and 
transitional activities. Further classification of management and monitoring activities into the pre-decision and 
transitional categories was undertaken with reference to the details of these activities. This required specific 
examination of the description of these activities. Transitional stage activities may be characterised in one of 
several ways. Firstly, by the establishment of environmental objectives to be met by the proponent. Secondly, 
where  management  or  monitoring  actions  are  to  be  undertaken  to  the  satisfaction  of  the  EPA  or  another 
Government agency. Thirdly, by the use of a formal EMP approach or its equivalent. These features provide for 
flexibility  in  delivery  which  is  the  key  feature  that  differentiates  transitional  activities  from  pre-decision 
activities. Hence, the issue of when EIA influences environmental management and monitoring activities was 
addressed by a combination of reference to the database records directly and scrutiny of the context in which 
these activities were proposed. 
 
A  similar  approach  was  used  to  address  the  subsidiary  question  of  'How  does  the  influence  of  EIA  on 
environmental  management  come  about?'  in  order  to  identify  the  influences  of  rational  processes,  external 
pressures  and  internal  reforms.  A  number  of  database  fields  provided  a  useful  starting  point  for  this 
examination. With respect to evidence of rational processes, the scientific basis of EIA activities was addressed 
by the Nature of Prediction field (Predictions File), How Was Impact Detected? field (Impacts File) and the 
Monitoring  Classification  field  (Monitoring  File).  Furthermore  the  Was  Proposed  Management  Action 
Implemented? field (Management File) was used to determine whether environmental management activities 
were  implemented  as  planned  during  the  pre-decision  stage  of  EIA.  With  respect  to  evidence  of  external 
influences,  the  Origin  of  Management  Action  field  (Management  File)  enabled  the  requirements  of  other 
legislation to be identified. Additional evidence of external pressures and internal reform was determined on an 
anecdotal basis during the written account of each case study. 
 
Information for inclusion within the database and the written account of each case study was derived from EIA 
documents and interviews with key players. A complete list of persons interviewed is provided in Appendix 2. 
Representatives from the case study proponents (eg. project engineers, environmental managers and project 
operators/managers)  and  officers  from  the  DEP  (officers  who  were  directly  involved  in  the  assessment, 
evaluation or follow-up processes for each case study) were interviewed. During the interviews, participants 
were  asked  to  give  an  account  of  project  activities  and  outcomes  with  respect  to  the  predictions,  impacts, 
management actions and monitoring programmes previously identified in the EIA documentation. Participants 
were asked to provide information on any new or additional factors not covered in these documents. They were 
also asked to give a general overview of the history and sequence of events for each case study. During the 
interviews,  participants  were  asked  to  clarify  the  origin  of  environmental  management  and  monitoring 
activities with respect to rational processes and external or internal reforms. The viewpoints of proponent and 
DEP  representatives  were  generally  found  to  be  consistent  and  were  utilised  as  an  important  source  of 
information for each case study. In the few instance where discrepancies were evident, additional interviews 
with these people or other relevant personnel were conducted until a consensus or consistent viewpoint was 
obtained. 
 
The results obtained from applying the research database and study methodology to the six case studies are 
presented  in  the  following  seven  chapters.  Each  case  study  is  treated  in  a  separate  chapter  (4-9)  prior  to 
discussion of important patterns in the results apparent across all of the case studies (Chapter 10). In discussing 
the results, an overview of the history and nature of each case study is presented including an outline of the 
specific EIA process to which it was subjected. This is followed by presentation of the results recorded in the 
character fields within each database file. Where the sample sizes are adequate to permit valid statistical testing 
(eg. based on McCall 1986, pp319-324) Chi-squared analysis is used. Discussion of these results is supplemented 
with written information drawn from the memo fields of the database plus other information gleaned from EIA 
documents and interviews for each case study. 
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CHAPTER 4  CAPE PERON OCEAN OUTFALL 
 
4.1  INTRODUCTION 
 
This chapter is the first of six that describe and discuss the case studies examined in this research. These are 
presented  in  order  of  their  time  of  assessment.  The  EIA  process  utilised  in  Western  Australia  has  been 
constantly evolving over time and the sequence of case studies is presented in accordance with this factor rather 
than other potential considerations (eg. similarities in project type). This provides continuity with respect to the 
EIA  process  and  any  specific  terminology.  In  addition,  any  trends  in  project  management  which  might  be 
attributed to refinements in EIA may be more apparent when presented in chronological order. 
 
The case study presented in this chapter involves an offshore treated wastewater outfall. Discussion commences 
with a description of the project and the EIA process that it was subjected to. The list of significant issues 
identified during the EIA process are then identified. These issues are relevant to much of the subsequent 
discussion. The major findings for the case study arising from application of the four principal database files 
(discussed in the previous chapter) are presented in separate sections. This is followed by a section discussing 
the  management  of  a  particularly  important  environmental  issue  for  the  case  study  relating  to  the  marine 
monitoring programme undertaken. The chapter concludes with discussion on the relationship between EIA 
and environmental management for the project. 
 
 
4.2  PROJECT OUTLINE AND EIA PROCESS FOR THE CAPE PERON OCEAN OUTFALL 
 
The Cape Peron Ocean Outfall project comprises an offshore pipeline discharging primary treated wastewater 
into  the  ocean  plus  the  associated  onshore  pipeline  infrastructure  connecting  the  outlet  with  the  source 
wastewater processing plant. The project is operated by a Western Australian Government agency which has 
undergone a series of name changes. At the time of project decision-making and development this agency was 
known as the Metropolitan Water Supply, Sewerage & Drainage Board (MWSSDB). From 1984 to 1995 the 
Water Authority of Western Australia (WAWA) was the responsible agency and most reports and publications 
on  the  project  have  been  by  this  body.  As  of  the  beginning  of  1996,  the  Water  Corporation  has  been  the 
responsible agency. For the sake of clarity, the generic term 'proponent' will be used here. 
 
The Cape Peron Ocean Outfall discharges treated urban wastewater from the southern metropolitan area of 
Perth into the ocean approximately 38km south south-west of the Perth central business district (CBD). Primary 
treated  wastewater  originates  from  the  Woodman  Point  wastewater  treatment  plant  which  is  located 
approximately 22 km south west of the CBD and from a smaller wastewater treatment plant situated at Cape 
Peron approximately 23km further south and west (Figure 4.1). The two treatment plants do not directly form 
part of the case study project as these were already in operation at the time of EIA of the outfall. 
 
The wastewater from the Woodman Point treatment plant is pumped through a 23 km buried onshore pipeline 
to a 14m high transition tower located at Cape Peron. Several drain points are provided so that sections of the 
pipeline can be drained to carry out maintenance or repairs. A number of gas release points are provided, from 
which gas accumulations in the pipeline can be removed by a tanker. Oxygen injection equipment is located 2.3 
km  upstream  of  the  transition  tower.  Oxygen  is  dissolved  in  the  wastewater  in  order  to  control  hydrogen 
sulphide concentrations to ensure that the wastewater is not odorous when it arrives at the transition tower 
(Cox and Harvey 1989). 
 
The transition tower forms the junction between the onshore and offshore pipelines and is required for the 
control of the two pipe systems. From the transition tower, the wastewater travels through a 4km submarine 
offshore pipeline. The submarine pipeline is partly buried and partly exposed and was laid by a bottom pull 
technique (i.e. during assembly on Cape Peron the pipeline was progressively pulled out to sea). A trench was 
cut through the sand dunes, beach and extending 1.2km out from the shore, through which the pipeline was 
laid. The coastal dunes have been fully restored over the pipe (during a site visit it was not possible to identify 
exactly where the pipeline crosses the beach) and the offshore trench through the sea bed has been covered with 
rock fill to protect it from storm wave activity. The middle section of the submarine pipeline was laid in an open 
trench excavated in the sea bed and the final 1.6km of pipe is partially buried in the sandy sea bed. 
 
The wastewater discharges from a 325m long diffuser on the sea bed 20m below the surface in a local 
bathymetric feature known as the Sepia Depression (Figure 4.1). The Sepia Depression is a 2-3km wide north-
south orientated trough between 15-24m deep with a sandy sea bed. It is bounded to the west by an area    52 
 
Figure 4.1 Location of the Cape Peron Ocean Outfall Project   53 
of shallower water formed by a north-south orientated limestone reef structure known as the Five Fathom Bank 
(MWSSDB 1982, p82). 
 
The diffuser comprises 69 discharge ports positioned on alternating sides of the pipe in order to maximise 
initial wastewater dilution and mixing with seawater. Rock armour has been laid on and around the diffuser to 
prevent scouring of the sea bed. The diffuser ports can be opened and closed (undertaken by divers) and the 
number of opened ports is varied according to wastewater flow. At the time of this research, the Cape Peron 
Ocean Outfall project was operating near its design capacity and all 69 diffuser ports were in operation (Pers. 
Comm. L. Edmonds, WAWA, 14-10-94). 
 
The Woodman Point wastewater treatment plant, which was originally commissioned in the 1960's, was built to 
accommodate wastewater from residential development in the southern suburbs of the Perth metropolitan area. 
At this stage, primary treated effluent was discharged into the adjacent waters of Cockburn Sound (a large 
natural  embayment  between  the  mainland  and  nearby  Garden  Island).  In  1976  the  EPA  implemented  the 
Cockburn Sound Environmental Study (Department of Conservation and Environment 1979) to suggest ways in 
which to manage and protect the Sound's ecosystem. The study confirmed that excessive nutrient loading was a 
principal  pollutant  and  recommended  that  effluent  disposal  to  the  open  ocean  from  the  Woodman  Point 
wastewater treatment plant be evaluated. In 1979 plans were well advanced for increasing the design output of 
the Woodman Point treatment plant to provide for predicted urban development in the catchment up to the 
year  2000  (Cox  and  Harvey  1989).  A  number  of  options  for  wastewater  disposal  were  identified  by  the 
proponent including land disposal, a 17 km long offshore pipeline from Woodman point extending beyond 
Garden Island and an 8.8 km pipeline offshore from Cape Peron. Preliminary investigations were carried out in 
the summer of 1979/80 which eliminated the feasibility of land disposal and determined that the two long 
offshore pipeline options required an environmentally unacceptable disturbance to offshore reef systems (Cox 
and Harvey 1989). 
 
From December 1980, investigations focussed on the environmental aspects of discharging wastewater from a 
shorter (4km) pipeline offshore from Cape Peron. These investigations, which comprise the baseline monitoring 
for  the  case  study  project,  were  scheduled  to  be  carried  out  through  four  seasons  in  1981  and  involved 
ecological and oceanographic considerations. Ecological investigations included surveys of marine habitats and 
populations plus sampling of ocean waters to record background conditions (MWSSDB 1982). Oceanographic 
investigations included current measurement, ocean circulation patterns and dispersion modelling for selected 
oceanographic and meteorological conditions (MWSSDB 1982). An interim environmental progress report was 
widely circulated at a series of public meetings in September 1981 as preliminary findings from the feasibility 
study became available (Cox and Harvey 1989). 
 
The EPA determined that the project should be assessed at the highest level and an ERMP document was 
subsequently submitted to the EPA in January 1982 (MWSSDB 1982). During the public review process the EPA 
received  557  written  submissions  (Department  of  Conservation  and  Environment  1982a).  Recommended 
approval  for  the  project  was  given  by  the  EPA  in  May  1982  subject  to  preparation  of  a  detailed  marine 
monitoring programme. It was further recommended that if the monitoring results proved the effects of the 
discharge  to  be  unsatisfactory,  then  the  proponent  should  take  immediate  steps  to  protect  the  marine 
environment (Department of Conservation and Environment 1982a). Construction commenced in early 1983 
and the complete project was commissioned in June 1984 (Cox and Harvey 1989). 
 
The following section describes the significant environmental issues identified for the Cape Peron Ocean Outfall 
project during the EIA process. 
 
 
4.3  SIGNIFICANT  ENVIRONMENTAL  ISSUES  FOR  THE  CAPE  PERON  OCEAN  OUTFALL 
PROJECT 
 
The significant environmental issues identified for the Cape Peron Ocean Outfall project by the EPA during the 
pre-decision  stages  of  the  EIA  process  are  listed  in  Table  4.1.  A  number  of  issues  relate  to  the  land  based 
component of the project. The EPA either made recommendations or explicit reference to several of these. The 
EPA recommended that the proponent seek approval for the proposed location of pipeline drain points and any 
disposal  options  due  to  concern  over  potential  environmental  problems  if  wastewater  was  drained  into  a 
wetland or other sensitive areas. The ERMP had identified five areas of environmental importance which would 
be  affected  by  the  pipeline  and  the  EPA  requested  the  proponent  to  engage  in  special  construction  and 
revegetation procedures in these areas. It was acknowledged that the transition tower could cause an odour 
problem if not properly managed. Most of the land based issues were, however, only briefly mentioned in the 
EPA report, with no specific management issues being proposed. These included potential noise and odour 
emissions from the pumping station at Woodman Point, minor hazard associated with the potential escape of 
liquid  oxygen  from  the  injection  installation,  groundwater  dewatering  and  disposal  during  pipeline 
construction, the visual impact of the transition tower, and the effect of the pipeline on coastal dunes, beach and 
near shore area. 
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  CAPE PERON OCEAN OUTFALL 
Significant Environmental Issues 
 
 
  Explicit Issues in EPA Bulletin 114   
    Location of pipeline drain points.   
    Construction and revegetation procedures in sensitive land areas.   
    Transition tower odours.   
    Closure of existing Cape Peron outlet.   
    Protection of existing marine water users.   
    Shape and extent of detectable plume near outfall.   
    Faecal bacteria concentration of reef shellfish for human consumption.   
    Faecal bacteria in fauna within sediment and rock fill close to outlet.   
    Pipeline damage or alteration over time.   
    Bacterial die-off and concentrations in discharge area.   
    Alternative wastewater treatment, reuse and groundwater recharge.   
    Water Quality Criteria for discharge.   
     
  Additional Issues Mentioned in EPA Bulletin 114   
    Noise and odour emissions from Woodman Point Treatment Plant.   
    Liquid oxygen hazard from injection installations.   
    Groundwater dewatering and disposal during pipeline construction   
    Visual impact of transition tower.   
    Effect of pipeline on coastal dunes, beach and near shore area.   
    Blasting and sediment deposition impacts on reef communities.   
    Effects on wildlife (seals, penguins and birds) of offshore islands.   
     
Table  4.1.  Significant  Environmental  Issues  Identified  for  the  Cape  Peron  Ocean  Outfall  Project.  Source: 
(Department of Conservation and Environment 1982a) 
 
Most of the explicitly identified issues relate to the offshore component of the project. In particular, the potential 
impacts  of  the  outfall  on  water  quality  which  have  implications  for  aquatic  life  and  human  uses  of  the 
immediate marine environment are emphasised. These relate to the primary purpose of the project being the 
dilution and disposal of primary treated wastewater in the ocean. They include dilution and dispersion of the 
wastewater plume, bacterial contamination of the water and marine biota (in particular lobsters), the rate of 
bacterial die-off, the extent to which water quality criteria are met, and the protection of existing marine water 
users. The EPA also raised concerns regarding possible pipeline damage or alteration over time. Two other 
offshore issues mentioned only briefly by the EPA concerned effects on the wildlife of nearby offshore islands 
and construction blasting effects on reef communities. 
 
Two  additional  issues  were  identified  by  the  EPA.  The  first  was  a  recommendation  that  an  existing  short 
offshore outfall used by the Cape Peron wastewater treatment plant outlet be closed, with the wastewater being 
combined with the Woodman Point effluent for discharge through the new 4km offshore pipeline. The second 
was  a  recommendation  that  the  proponent  continue  to  investigate  alternative  wastewater  treatment  and 
disposal options. 
 
These significant issues are frequently referred to in subsequent discussion. The following sections (4.4-4.7) 
discuss the project findings with reference to the database records for this case study. 
 
 
4.4  EIA IMPACT PREDICTIONS FOR THE CAPE PERON OCEAN OUTFALL PROJECT 
 
A total of 59 impact predictions were recorded for the Cape Peron Ocean Outfall project. In the following 
discussion, these predictions are examined in various ways based upon the records contained within particular 
fields of the research database (i.e. principally from within the Predictions File in this instance). The impact 
predictions  are  examined  in  turn  with  respect  to  environmental  component  and  subject,  relationship  with 
identified significant issues, manner of expression, relationship with environmental management activities and 
relationship with the occurrence of observed impacts. 
 
The  number  of  predictions  addressing  each  component  of  the  environment  was  approximately  equally 
distributed (Table 4.2). Overall, there were slightly less physical component predictions than biological or social 
based predictions (18 or 31%). Two of these related to physical processes involving the settling of particulate 
matter in the wastewater plume on the seafloor in the vicinity of the outlet diffuser and the identification of a 
heavy predominance of north-south currents (which has direct implications for wastewater plume dispersion 
and dilution traits). Most of the physical component predictions concerned water quality issues (14) and these 
accounted for 25% of all predictions recorded overall. Given that the purpose of the project was to dispose of   55 
wastewater into the ocean by dilution and dispersion it could be expected that water quality issues would be a 
major consideration during EIA. A range of potential water quality issues were identified and while most relate 
to the receiving marine waters other marine waters and onshore issues were also addressed. Examples include: 
  wastewater dilution and dispersion characteristics (several specific predictions made); 
  water  quality  characteristics  in  the  vicinity  of  the  outlet  diffuser  such  as  nutrient  and  heavy  metal 
concentrations, turbidity and bacteria die-off trends (several specific predictions made); 
  predicted beneficial effect on the water quality of Cockburn Sound (i.e. due to cessation of discharge into the 
Sound made possible by the new outfall); and  
  effects  of  dewatering  operations  plus  its  disposal  on  groundwater  resources  during  onshore  pipeline 
construction. 
The two predictions concerning air quality issues both related to potential dust emissions associated with the 
onshore  pipeline  construction  and  assembly  activities.  There  were  no  predictions  made  concerning 
landform/soil  issues  which  is  perhaps  a  little  surprising  given  that  trenching  activities  associated  with 
construction of both onshore and offshore sections of the wastewater pipeline clearly necessitated disturbance 
of surface soils and sediments. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  18  31   
    Physical Processes  2  (3%)       
    Water Quality  14  (25%)       
    Air Quality  2  (3%)       
         
  Biological Component  19  33   
         
  Social Component    22  36   
    Human  16  (27%)       
    Recreation  4  (6%)       
    Economic  2  (3%)       
         
  Total  59  100   
         
Table 4.2 Environmental Component and Subject of Predicted Impacts for the Cape Peron Ocean Outfall Project. 
 
A total of 19 (33%) biological predictions were recorded. These all concerned offshore biota, with the exception 
of a single prediction concerning the effect of onshore pipeline construction activities on flora and fauna in the 
five identified sensitive areas along the pipeline route. Several predictions concerned the impacts of offshore 
pipeline construction on the marine environment such as potential fish kills caused by blasting of limestone 
ridges and other adverse effects on marine habitats associated with trench construction and backfilling. Most 
biological predictions, however, related to potential ongoing impacts associated with the wastewater discharge. 
These included: 
  potential accumulation of heavy metals and bacteria in marine biota in the vicinity of the outfall; 
  potential toxicity of the wastewater plume to fish and other organisms in the mixing zone;  
  effect of sediment deposition on marine biota; and 
  potential impacts on marine wildlife (seals, penguins and birds). 
 
Of  the  22  (36%)  social  component  predictions,  most  fell  into  the  human  subject  category.  These  were 
approximately equally distributed between potential construction and operation stage impacts. Examples of the 
former include: 
  disruption to residences during construction activities; 
  noise and dust emissions (several individual predictions made); and 
  temporary visual impacts associated with the pipeline assembly yard at Cape Peron and the open trench 
through the sand dunes. 
Examples of ongoing operational impacts from the project include: 
  visual impact of the oxygen injection facility and transition tower; 
  odour and noise emissions from the transition tower; 
  minor hazard posed by the use and storage of liquid oxygen at the injection facility; and 
  potential for hydro-carbon tainting in fish caught within the vicinity of the outfall. 
The four predictions concerning recreation issues addressed potential impacts such as an expected increase in 
the abundance of some species of demersal fish being beneficial to amateur fishers, risk of viral infection to 
marine  users  and  risk  of  beach  contamination  associated  with  the  outfall.  The  two  economic  predictions 
concerned  the  resumption  of  small  amounts  of  privately  owned  land  associated  with  construction  of  the 
onshore pipeline and potential impacts on commercial fisheries in the region. 
 
The predictions were examined with respect to the extent that they represented identified significant issues for 
the project (as summarised in Table 4.1). They were found to be approximately equally distributed between the   56 
three categories of impact significance whereby 22 (37%) directly related to significant issues, 17 (29%) were 
indirectly related to significant issues and 20 (34%) were not related to the issues identified in Table 4.1.  
 
A highly significant association between environmental component and impact significance was found for the 
Cape Peron Ocean Outfall impact predictions (Figure 4.2). It can be clearly seen that physical predictions were 
most  likely  to  directly  represent  significant  issues,  biological  predictions  were  most  likely  to  be  indirectly 
related to significant issues and social predictions were most likely to be not related to significant issues at all. 
Given that the number of impact predictions in each of the three environmental component categories and 
impact significance categories is approximately equal, the implications of this finding would appear to relate 
mainly to the actual suite of significant issues identified from the EPA report on this project. It would appear 
that the list of significant issues are most closely attuned to the physical component of the environment and 
least aligned with the social component of the environment. The list of significant issues presented in Table 4.1 
is generally supportive of this notion. With respect to biological predictions it would appear they tend to deal 
with  higher  order  impacts,  which  by  nature  are  one  or  more  steps  removed  from  physical  environment 
considerations (and hence are indirectly related to the important physical component issues). An example is 
probably the easiest way to illustrate this point. Several impact predictions were made regarding the dilution 
and dispersion of the discharged effluent in the receiving marine waters with respect to particular water quality 
factors  such  as  nutrients,  suspended  solids  and  heavy  metals.  These  are  directly  related  to  the  identified 
significant issue in Table 4.1 concerning the shape and extent of the detectable plume. A series of additional 
biological predictions concerned the potential impacts of the wastewater quality factors upon biota within the 
vicinity of the outfall. The issue of these biotic impacts was not explicitly identified by the EPA in their report 
but clearly is indirectly related to considerations of the extent of the plume. 
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Figure 4.2. Association Between Environmental Component of Impact Predictions for the Cape Peron Ocean 
Outfall Project and Impact Significance (χ2= 27.01; p<0.001; d.f. 4). 
 
The majority of impact predictions were expressed in formal terms (48 or 81%). The remaining 11 predictions 
(19%) were considered to only generally identify a potential impact or concern. Two types of general impact 
identification predictions were noted. The first type were statements concerning a background environmental 
characteristic or process only that was not explicitly linked to the project. An example of this occurred in a 
section of the ERMP concerning oceanographic factors in which it was stated that: 
 
The major features which are significant to the assessment of this proposal are... the very heavy predominance 
of north-south currents with little onshore flow... (MWSSDB 1982, p109). 
 
What was implied but not stated here was that longshore wastewater dispersion was expected to occur. The 
second type of general impact identification statements clearly relate to the project but do not explicitly indicate 
the potential impact being addressed. An example of this occurred in a section of the ERMP discussing the 
transition tower where it was stated that: 
 
The Water Board [i.e. the proponent] would ensure that odours were properly controlled by the collection and 
scrubbing facilities planned for the tower (MWSSDB 1982, p101). 
 
While this statement directly relates to a planned component of the project, it is not clear what the nature of any 
likely odour problem could be (eg. who or what might be affected, extent, duration etc.). While these general 
statements of impact identification do not clearly and unambiguously predict project specific impacts, they can 
be audited in practice with respect to the occurrence of actual impacts.   57 
 
The  majority  of  impact  predictions  were  expressed  in  vague  qualitative  terms  only  (47  or  80%).  Of  the 
remaining 12 impact predictions, six (10%) were quantified and six (10%) were expressed in precise qualitative 
terms. 
 
An  environmental  management  action  was  associated  with  only  approximately  one  quarter  of  the  impact 
predictions (15 or 26%). These were equally distributed with respect to the impact significance rating attached 
to  them.  In  other  words,  predictions  not  related  to  issues  of  significance  were  just  as  likely  to  have 
environmental  management  actions  associated  with  them  as  those  either  indirectly  or  directly  related  to 
significant issues. Hence in respect to environmental management actions, the EIA process in this case would 
appear to lack specific focus on the identified issues of greatest significance. 
 
An  actual  observed  environmental  impact  was  recorded  only  for  21  (36%)  of  the  impact  predictions.  The 
following discussion addresses the remaining 38 impact predictions (64%) for which no impact was recorded 
(Table 4.3). 
 
         
  Why Didn't Impact Occur?  No.  %   
         
  EIA Management  13  22   
  Accurate Prediction  15  25   
  Other  1  2   
  No Information  9  15   
  Not Applicable  21  36   
         
  Total  59  100   
         
Table 4.3 Reasons Why Predicted Impacts Did Not Eventuate for the Cape Peron Ocean Outfall Project. 
 
First  of  all  it  is  important  to  note  that  for  nine  impact  predictions  (15%),  it  was  not  possible  to  determine 
whether or not an impact had occurred due to a lack of monitoring or other information. These represent a 
mixture of biological and social component predictions. However, in both cases, the predicted impacts nearly 
always involved fish and wildlife in some way. Examples of biological component predictions for which no 
information was available include: 
  potential fish deaths resulting from offshore blasting during pipeline construction; 
  potential adverse effects on wildlife (seals, penguins and birds) in the local marine environment; 
  potential toxicity of the wastewater discharge to fish or other organisms within the initial mixing zone; and 
  potential effect of the wastewater discharge on the larval stages of the rock lobster. 
Examples of social component predictions for which no information was available include: 
  potential impact on commercial and amateur fisheries in the region (two predictions); 
  potential for hydro-carbon tainting of fish in the vicinity of the outfall; and 
  risk of viral infection to nearby beach users. 
With the exception of the last example, all of these concern fish and wildlife issues to some extent. This result is 
indicative of a deficiency in monitoring of marine fauna in relation to the project. The issue of monitoring for 
the Cape Peron Ocean Outfall project is discussed in greater detail in Sections 4.7 and 4.8. 
 
Impacts were successfully avoided by the implementation of environmental management actions for 13 of the 
impact predictions (22%). These mostly related to potential construction stage impacts. Some examples are as 
follows: 
  avoidance of odour, noise or visual impacts associated with the Woodman Point pumping station complex 
as a result of landscaping, screening by tree planting and other controls; 
  payment of compensation to landowners affected by pipeline easements being established on their land; and 
  avoidance of disruption to traffic by special pipeline jacking and tunnelling beneath busy road intersections. 
The  avoidance  of  potential  impacts  in  these  ways  provides  one  measure  of  the  effectiveness  of  EIA  at 
influencing environmental management outcomes for the project. 
 
No  impacts  were  recorded  in  relation  to  15  impact  predictions  (25%)  which  accurately  predicted  that  a 
particular impact would not occur. There were no examples of impact predictions which expected an impact to 
occur and which were subsequently found to be inaccurate. A single predicted effect did not occur (2%) as a 
result of an other explanation. This was a statement made by the EPA to the effect that implementation of the 
Cape Peron Ocean Outfall would have a significant beneficial effect on the water quality of Cockburn Sound 
(Department of Conservation and Environment 1982a). A marine specialist interviewed during the research 
indicated that other sources of nutrients and toxic contamination of Cockburn Sound still exist which effectively 
limit water quality in this body of water. Current knowledge of water circulation patterns in Cockburn Sound 
and in the vicinity of the former wastewater discharge from Woodman Point suggest that the discharge would 
have largely travelled outside Cockburn Sound under the influence of prevailing longshore currents anyway   58 
(Pers. Comm. Chris Simpson, DEP 19-10-1994). Hence it is possible that wastewater discharge may not have 
significantly contributed to nutrient loadings in Cockburn Sound in the first place. 
 
The next section examines the suite of impacts recorded for the Cape Peron Ocean Outfall project in the Impacts 
File within the research database. 
 
 
4.5  RECORDED IMPACTS FOR THE CAPE PERON OCEAN OUTFALL PROJECT 
 
A  total  of  10  environmental  impacts  were  recorded  for  the  Cape  Peron  Ocean  Outfall.  In  the  following 
discussion, these impacts are examined in terms of their environmental component and subject, the manner of 
impact determination, their perceived significance, predictive accuracy, outcome in comparison to the original 
predictions and environmental management response. 
 
Exactly half of the recorded impacts occurred within the physical component of the environment (Table 4.4). 
Most of these concerned water quality issues (4 or 40%) such as changes to ocean water quality in the mixing 
zone immediately adjacent to the outfall diffuser (eg. lower salinity, high nutrient and bacteria concentrations), 
high turbidity and reduced light penetration in the wastewater plume, relatively poor wastewater dilution rate 
(the 1,000 fold dilution regularly occurs between 500-1,000m from the outfall, not 250m as predicted), and high 
numbers of bacteria recorded in surface waters up to 4km from the outlet at times. The single landform/soil 
impact recorded was also indirectly related to water quality issues and concerned the sedimentation of the sea 
floor with an organic ooze extending up to 200m from the outlet. 
 
A  single  biological  impact  was  recorded  (10%).  This  related  to  the  colonisation  of  the  rubble  covering  the 
submarine pipeline  by marine biota characteristic of reef and limestone platform habitats in the region. The 
rubble provides shelter and habitat for fish and lobsters. This impact was considered to be a beneficial impact of 
the project by the proponent as the sea floor was bare sand prior to pipeline construction (WAWA 1987a). Given 
the nature of the project (i.e. the discharge of waste products into a relatively pristine environment) and the 
water quality impacts that were recorded, it seems highly likely that other impacts on marine biota may have 
actually occurred. However, as indicated previously with regard to the types of impact predictions that could 
not be verified, there is no information available to determine whether any such changes have occurred or not. 
 
 
         
  Component and Subject  No.  %   
         
  Physical Component  5  50   
    Water Quality  4  (40%)       
    Landform/Soil  1  (10%)       
         
  Biological Component  1  10   
         
  Social Component  4  40   
    Human  2  (20%)       
    Recreation  2  (20%)       
         
  Total  10  100   
         
Table 4.4 Environmental Component and Subject of Recorded Impacts for the Cape Peron Ocean Outfall project. 
 
The remaining four impacts (40%) affected the social component of the environment. Two of these fell into the 
human subject category and concerned claims of structural damage to houses (eg. appearance of cracks in 
walls) situated near Cape Peron resulting from nearshore blasting during pipeline construction, and a single 
incident when the oxygen injection system failed. The oxygen injection system is situated adjacent to a caravan 
park and the sudden release of oxygen created a loud noise emission (plus represented a potential fire or safety 
risk, although in practice no people were harmed). The two recreation impacts represent beneficial outcomes of 
the project. During construction the pipeline assembly area on Cape Peron was considered to be of interest to 
visitors (i.e. watching the assembly and launch of the 4km long submarine pipeline). After project construction 
was completed, the pipe assembly area was converted into a parking area for cars and boat-trailers to service a 
nearby public boat-ramp facility. Other characteristics of these recorded impacts are discussed in relation to 
some of the other database results for the project in the following discussion. 
 
The recorded impacts were classified with respect to the manner of their detection (Table 4.5). Only three of the 
six possible impact detection categories were utilised. These represented either formal monitoring techniques 
(BACI), informal observation only or inevitable impact outcomes of the project (i.e. there were no monitoring 
programmes  utilising  only  limited  sampling  and  measurement  techniques  which  detected  impacts).  Three 
impacts (30%) were detected by BACI monitoring techniques and these were all water quality impacts (light 
reduction in plume, zone of 1,000 fold dilution and bacteria numbers in surface waters). The two inevitable   59 
impacts (20%) included changes to water quality parameters in the mixing zone near the outlet diffuser and the 
beneficial social impact of the new boat-ramp carpark facility. The remaining five project impacts (50%) were all 
detected by observation only. 
 
         
  How Was Impact Detected?  No.  %   
         
  Before-After/Control-Impact (BACI) 
Monitoring 
 
3 
 
30 
 
  Observation Only  5  50   
  Inevitable  2  20   
         
  Total  10  100   
         
Table 4.5 Method of Impact Detection for the Cape Peron Ocean Outfall Project. 
 
The  significance  of  recorded  impacts  was  determined  by  reference  to  the  original  list  of  significant  issues 
identified for the Cape Peron Ocean Outfall project (Table 4.1). Five of the impacts (50%) represented significant 
issues. These were the four water quality impacts and the oxygen injection system failure. Four impacts (40%) 
did not represent significant issues. These were the two recreational impacts, the biological colonisation of the 
submarine  pipeline  and  the  sedimentation  of  the  sea  floor  near  the  outlet.  The  remaining  impact  (10%) 
concerning claims of structural damage to houses as a result of construction stage blasting represented a new 
issue. This was not previously considered in the pre-development EIA documents (although the use of blasting 
itself during construction had been discussed) and therefore no significance rating can be applied. 
 
With respect to predictive accuracy, only four impacts (40%) were accurately predicted to occur, while five 
impacts  (50%)  were  inaccurately  predicted  and  one  impact  (10%)  was  unexpected.  Hence,  a  low  level  of 
predictive accuracy was recorded for the Cape Peron Ocean Outfall project with respect to the occurrence of 
actual environmental impacts. The unexpected impact was the provision of the new boat-ramp carpark facility 
at Cape Peron which was an outcome of negotiations by the responsible local government authority (Shire of 
Rockingham) with the proponent during the construction period (and hence did not appear in the original 
ERMP predictions although it was raised as a potential option in the proponent's environmental management 
commitments within the ERMP document). The inaccurately predicted impacts were as follows: 
  large numbers of bacteria present in surface waters up to 4km north of the outlet. On the basis of expected 
bacterial die-off rates and prevailing ocean currents (which both appear to have been under-estimated), it 
was predicted that bacteria contamination would only occur up to 3km distance from the outlet; 
  1,000 fold dilution of the wastewater plume occurring regularly over 500m and sometimes 1,000m from the 
outlet. It was predicted that the maximum distance for 1,000 fold dilution to occur would be 250m from the 
outlet; 
  organic ooze sedimentation on the sea floor extending up to 200m from the outlet. It was predicted that 
sedimentation would not occur at all; 
  failure of the oxygen injection system. Predictions concerning this facility expected a visual impact only 
(which was avoided in practice by its location and screening with planted vegetation); and 
  structural damage to houses caused by blasting. It was predicted that blasting would represent a temporary 
noise inconvenience only. 
In all of these cases, the impact was different to the originally predicted state due to omissions or inaccuracies in 
the predictive techniques used and the outcome was worse than predicted. There were no examples where poor 
environmental management or changes to project design resulted in an impact occurring and which rendered 
an impact prediction inaccurate. 
 
With respect to management of the recorded impacts for the Cape Peron Ocean Outfall project, a management 
response was not required for eight of them (80%). While some of the water quality impacts have proved to be 
worse than originally predicted, the wastewater discharge had not been found to be unsatisfactory at the time 
of this research. However, investigations of this aspect have been ongoing (Sections 4.7-4.8). The two impacts 
(20%)  that  were  responded  to  by  the  project  managers  concerned  claims  of  structural  damage  by  nearby 
residents during construction blasting and equipment failure relating to the oxygen injection station. In the first 
case, compensation payments were made to affected property owners by the construction contractor and their 
insurance company (Pers. Comm. P. Addison, WAWA, 14 October 1994). In the second case, the only impact 
was a temporary loud noise experienced at the adjacent caravan park on a single occasion associated with the 
escape of pressurised oxygen. The injection station was subsequently repaired and no impact has occurred since 
(Pers. Comm. P. Addison, WAWA, 14 October 1994). 
 
Most  impacts  have  not  specifically  required  any  ongoing  environmental  management  response.  The  only 
ongoing management has involved standard treatment processes in the Woodman Point wastewater treatment 
plant  which  has  direct  consequences  for  water  quality  impacts.  For  example,  screening  and  skimming  the 
wastewater removes floating or submerged materials which would otherwise contribute to light reduction and   60 
turbidity impacts in the vicinity of the outlet diffuser. Most of these treatment processes were not specifically 
identified during the EIA process, as the plant itself was not subject to EIA. 
 
In the following section, the environmental management records for the Cape Peron Ocean Outfall project are 
examined. 
 
 
4.6  ENVIRONMENTAL MANAGEMENT OF THE CAPE PERON OCEAN OUTFALL PROJECT 
 
A total of 33 environmental management records were identified for the Cape Peron Ocean Outfall project. In 
the following discussion, these records are examined in terms of their environmental component and subject, 
implementation status, their relationship with impact predictions, the origin of environmental management and 
classification of management nature with respect to potential impacts. 
 
The environmental component and subject of management records is shown in Table 4.6. It can be seen that 
management effort has focussed upon the physical component of the environment (20 records or 60%), with 
relatively little attention given to the biological component (4 records or 13%) while slightly less than a third of 
all management records concerned the social component of the environment. It is interesting to compare this 
result  with  the  equivalent  table  for  the  impact  predictions  (Table  4.2)  bearing  in  mind  that  both  are 
predominantly  drawn  from  the  pre-development  EIA  documentation  (a  single  new  management  action 
established during project operation is the only exception to this). The impact predictions were approximately 
equally  distributed  with  respect  to  environmental  component  and  from  this  it  could  be  anticipated  that 
environmental  management  strategies  proposed  to  manage  the  likely  impacts  of  the  project  would  also 
experience a similar distribution. In practice, management records concerning the biological component of the 
environment are particularly under-represented with most attention focussing on the physical component. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  20  60   
    Physical Processes  3  (9%)       
    Water Quality  11  (33%)       
    Air Quality  5  (15%)       
    Landform/Soil  1  (3%)       
         
  Biological Component  4  13   
         
  Social Component  9  27   
    Human  8  (24%)       
    Economic  1  (3%)       
         
  Total  33  100   
         
Table 4.6 Environmental Component and Subject of Management Records for the Cape Peron Ocean Outfall 
Project. 
 
Several management records (9%) were classified by subject as relating to physical processes. These involved 
the restoration of land along the route of the onshore pipeline, stabilisation of the sea floor along the submarine 
pipeline (i.e. to prevent erosion) plus a commitment to progressively open additional ports in the submarine 
outlet diffuser to maximise wastewater dilution in response to increases in wastewater flow-rates over time. 
The majority of management records for the physical component of the environment involved water quality 
issues (11 or 33%). Examples of these include: 
  careful disposal of groundwater removed during dewatering for onshore pipeline construction to avoid any 
impact on adjacent wetland areas; 
  placement of drainage points along the onshore pipeline in locations where discharge of effluent would not 
impact on wetlands; and 
  various standard water treatment undertakings (eg. removal of scum and floatables from wastewater during 
treatment). 
The management of air quality issues (5 records or 15%) all relate to the control of gas emissions from pipeline 
gas  release  points  (onshore)  and  the  transition  tower  with  respect  to  potential  odour  impacts.  The  single 
landform/soil management record (3%) relates to the restoration of land and coastal dunes affected by pipeline 
construction onshore. 
 
The four biological management records (13%) all relate to the onshore component of the project. Three of these 
relate  to  rehabilitation  of  sensitive  areas  disturbed  during  pipeline  construction  and  the  fourth  concerns  a 
commitment to minimise the effects of draining sections of the onshore pipeline when necessary for ongoing 
emergency repairs. 
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The nine management records relating to the social component of the environment (27%) were predominantly 
classified  under  the  human  subject  category  and  mostly  concerned  the  management  of  construction  stage 
impacts. Examples include: 
  landscaping the areas around the Woodman Point pumping station, oxygen injection station and transition 
tower; 
  selection of the onshore pipeline route to minimise impacts on the public, private property and existing 
services; 
  control of dust and noise emissions during construction; and 
  provision of a temporary bridge across the pipeline trench for the road to Cape Peron to permit public access 
during construction. 
The single management record regarding economic issues concerned the payment of compensation for pipeline 
easements on private property. 
 
The management records for the project largely represent commitments made by the proponent in the ERMP 
document as well as several recommendations by the EPA in their assessment report. These were examined 
with respect to their implementation status (Table 4.7). 
 
         
  Was  Proposed  Management  Action 
Implemented? 
 
No. 
 
% 
 
         
  Total Yes Categories  32  97   
    Yes in Detail  28  (85%)       
    Yes in Part  2  (6%)       
    Yes in Effect  2  (6%)       
  New Action  1  3   
         
  Total  33  100   
         
Table 4.7 Implementation of Environmental Management Actions for the Cape Peron Ocean Outfall Project. 
 
It  can  be  seen  from  Table  4.7  that  all  management  actions  proposed  in  pre-decision  EIA  documents  were 
implemented  in  practice  to  some  extent  (97%).  Furthermore,  the  single  remaining  record  (3%)  was  a  new 
management  action  implemented  during  the  post-decision  stages  of  EIA.  There  were  no  examples  of 
management actions that had not been implemented or were not applicable at the time of this research. Hence it 
would appear that the EIA process in this case has produced a highly successful management programme 
based upon the implementation rate for proposed management measures. It is interesting to note that the Cape 
Peron  Ocean  Outfall  project  was  assessed  under  the  terms  of  the  Environmental  Protection  Act  1971  and 
consequently none of the management commitments and recommendations were legally enforceable. 
 
Most of the proposed management actions were implemented in detail. The records only implemented in part 
related  to  two  management  actions  proposed  by  the  EPA.  One  of  these  was  a  recommendation  that  the 
transition tower be designed to prevent any odours escaping under the full range of operating and maintenance 
conditions. In practice an odour scrubber has been fitted and there has been no impact associated with odour 
emissions. However, it has not been possible to completely eliminate odour escape during maintenance of the 
tower and the scrubbing equipment. The transition tower is relatively remote from private property or public 
facilities (with the exception of the boat-ramp carpark) and hence there is little opportunity for odour nuisance 
to occur. The second management action implemented in part only was a statement made in the EPA report to 
the effect that the oxygen injection installation should be remote from existing and future residential areas. In 
practice the single oxygen injection facility provided is located next to a caravan park. Hence it does not impact 
on permanent residents which meets the general intention of the EPA suggestion, although it may impact upon 
temporary residents of the park (eg. as was the case for the single equipment failure incident). 
 
The  two  management  actions  implemented  in  effect  both  concerned  commitments  made  by  the  proponent 
which were subject to minor project design changes, but which continued to achieve the same environmental 
management objective. The first related to the pumps associated with the oxygen injection facility which were 
contained in a building to control noise emissions. It was originally proposed to house them in a below-ground 
sealed compartment. The second related to a commitment to regularly bleed off gas accumulating at the gas 
collection points along the onshore pipeline to a tanker. This was initially undertaken. However, it was found 
that a gas equilibrium was reached if the system was left alone and that gas accumulations could be flushed out 
by running the pipeline pumps on full cycle once every 1-2 months (an undertaking which comprises part of 
standard ongoing pump testing and maintenance procedures anyway). Hence gas accumulations are managed, 
but in a different manner to that originally intended. 
 
The single new environmental management action concerns contingency planning for emergency or equipment 
failure conditions. Commissioning of the Cape Peron Ocean Outfall meant that existing wastewater discharge 
into Cockburn Sound from a pipeline at Woodman Point (i.e. near the wastewater treatment plant itself) could 
cease. The Woodman Point pipeline has been maintained, however, as an emergency outfall for periods when   62 
the  Cape  Peron  pipeline  is  out  of  service.  Following  progressive  increases  in  the  volume  of  wastewater 
discharged  from  the  Cape  Peron  pipeline,  it  was  found  that  the  Woodman  Point  pipeline  would  not  be 
adequate  to  accommodate  flows  in  an  emergency  situation.  The  proponent  subsequently  proposed  the 
construction of an additional emergency outfall located in Jervoise Bay immediately south of Woodman Point 
(Figure 4.1). This proposal was formally assessed by the EPA at the CER level in 1988 and approval to proceed 
was granted (Environmental Protection Authority 1988). The Jervoise Bay emergency outfall was commissioned 
in 1992. The two emergency outfalls are operated by a dual weir system. When the flow initially backs up due 
to the Cape Peron pipeline being out of operation, the Woodman Point pipeline will commence discharging into 
Cockburn Sound. If the flow exceeds the capacity of this pipeline then discharge commences from the Jervoise 
Bay emergency outfall. At the time of audit, the Jervoise Bay pipeline had not been used (Pers. Comm. L. 
Edmonds, WAWA, 14-10-94) and hence it is not further considered in this research. However, the provision of 
the  new  emergency  outfall  is  an  example  of  pro-active  management  by  the  proponent  to  accommodate 
changing circumstances surrounding the project (i.e. increased wastewater flows). 
 
The  subject  matter  of  management  records  was  compared  to  that  of  the  impact  predictions  in  order  to 
determine what relationship, if any, exists between these two EIA activities. A similar comparison undertaken 
when examining the impact predictions found approximately one quarter of the impact predictions (26%) to be 
associated with environmental management records (discussed previously in Section 4.5). Here, it was found 
that 24 of the management records (73%) were related to impact predictions. These combined results imply that 
the impact prediction process was wide in scope, covering many more issues than either warranted or were 
intended to be managed. In comparison, the process of proposing environmental management actions for the 
Cape  Peron  Ocean  Outfall  project  was  narrower  in  scope  and  tended  to  focus  upon  issues  that  had  been 
identified in the impact prediction process. With respect to the EIA/environmental management relationship, it 
would appear that the impact prediction process for this project may have served an important scoping role 
upon which subsequent environmental management activities were based. 
 
An inspection of the nine environmental management records (27%) not related to impact predictions found 
them all to concern onshore components of the project and generally to be not related to the significant issues 
identified in Table 4.1. Several of these did have indirect implications for offshore environmental performance 
though.  These  all  concerned  commitments  regarding  the  nature  of  the  wastewater  to  be  received  at  the 
Woodman Point wastewater treatment plant in the first place and standard plant operation practices (which 
strictly speaking are not part of the specific project that was subjected to EIA, but clearly have some bearing on 
the environmental performance of the project). Examples include the proponent's policy to: 
  only receive domestic wastewater and industrial wastes that satisfy their strict water quality limits; and 
  to maintain treatment standards at the highest possible level during strikes, power failures or equipment 
failure (MWSSDB 1982, pp137-138). 
Overall, the management records not related to predictions tended to concern standard wastewater treatment 
and disposal operating policies and procedures adopted by the proponent for this project. 
 
The origin of environmental management records was examined during the research. Overall 29 management 
actions  (88%)  were  proposed  or  established  by  the  proponent  in  the  ERMP  with  only  four  (12%)  being 
recommended by the EPA in their assessment report. It is clear from this finding that the proponent has been 
largely responsible for the establishment of the environmental management programme for the Cape Peron 
Ocean Outlet project. 
 
The  nature  of  environmental  management  actions  were  classified  with  respect  to  potential  environmental 
impacts (Table 4.8). Seven management actions (21%) sought to avoid the occurrence of impacts in the first 
place. Examples of this include onshore pipeline construction techniques that avoided traffic disruption (eg. 
providing a temporary bridge over the pipeline assembly trench at Cape Peron) and measures to contain and 
eliminate odour emissions from gas release points and the transition tower.  
 
         
  Nature of Management Actions  No.  %   
         
  Avoidance of Impact  7  21   
  Initial Impact Minimisation  6  18   
  Rectification or Rehabilitation  5  15   
  Ongoing Impact Minimisation  14  43   
  Compensation  1  3   
         
  Total  33  100   
         
Table 4.8. Classification of the Nature of Management Actions for the Cape Peron Ocean Outlet Project with 
Respect to Potential Environmental Impacts. 
 
The majority of management actions sought to minimise the extent of environmental impacts in some way. Six 
actions (18%) sought to minimise the initial occurrence of an otherwise unavoidable impact. These all involved 
onshore  construction  activities  such  as  pipeline  route  selection  and  controlled  construction  techniques  to   63 
minimise the impact on private property, busy road intersections and existing vegetation. The 14 management 
actions (43%) designed to minimise the extent of ongoing environmental impacts mostly concerned standard 
project operation procedures. Examples include maintenance and operation of wastewater treatment processes 
at the highest standards possible, operation of the gas collection and scrubbing facilities in the transition tower 
to control odours, and progressive opening of the discharge ports in the submarine diffuser to ensure that 
proper dilution occurs. 
 
The rectification and rehabilitation management measures (15%) all related to the areas affected by pipeline 
construction. Examples include revegetation of onshore areas and dune replacement and stabilisation where the 
pipeline  crosses  beneath  the  beach  to  enter  the  submarine  trench.  The  single  management  action  (3%) 
concerning compensation measures involved payment to the owners of private property affected by pipeline 
easements. It can be seen from these results that relatively few of the environmental management actions (i.e. 
18%) for the Cape Peron Ocean Outlet have been reactive in nature. The majority of management activities 
established by the EIA process (82%) have pro-actively sought to avoid and minimise the occurrence or extent 
of environmental impacts. 
 
The environmental monitoring records for the project are discussed in the following section. 
 
 
4.7  ENVIRONMENTAL MONITORING OF THE CAPE PERON OCEAN OUTFALL PROJECT 
 
A total of 21 environmental monitoring records were identified for the Cape Peron Ocean Outlet project. In the 
following discussion, these records are examined in terms of their environmental component and subject, origin 
of  proposed  monitoring,  relationship  with  significant  issues,  relationship  with  environmental  management 
activities and finally, in terms of the scientific rigour of the monitoring techniques used. 
 
The environmental component and subject of the environmental monitoring records for the Cape Peron Ocean 
Outlet project are shown in Table 4.9. It can be seen that monitoring has focussed predominantly upon the 
physical component of the environment (76%) with lesser attention given to the biological component (24%) 
and no social component monitoring at all. This finding is in marked contrast to the environmental component 
of  impact  predictions,  actual  impacts  and  environmental  management  records  discussed  previously.  It 
continues the trend noted in Section 4.6, whereby predictions and actual impacts occur across all environmental 
components, but the proponent's direct involvement in the project with respect to management and monitoring 
activity is biased towards the physical component of the environment. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  16  76   
    Physical Processes  3  (14%)       
    Water Quality  12  (57%)       
    Air Quality  1  (5%)       
         
  Biological Component  5  24   
         
  Total  21  100   
         
Table 4.9 Environmental Component and Subject of Environmental Monitoring Records for the Cape Peron 
Ocean Outlet Project. 
 
The scope of the monitoring records in terms of their subject categories is as follows. Monitoring of physical 
processes (14%) concerned determining the shape and extent of the detectable wastewater plume emanating 
from  the  diffuser,  surveys  of  the  structural  stability  (including  corrosion)  of  the  submarine  pipeline  and 
diffuser,  and  regular  tests  of  hydraulic  conditions  throughout  the  pipeline  system  to  check  its  condition. 
Monitoring of water quality issues accounted for more than half of all records (57%). These covered a wide 
range of water quality parameters including nutrient concentrations, temperature, dissolved oxygen, salinity 
profiles, heavy metal concentrations and bacteria levels in marine waters near the outlet. The single air quality 
monitoring record (5%) related to testing of the oxygen filling station. The five biological monitoring records 
(24%)  all  concerned  the  marine  environment  specifically  and  complement  the  water  quality  monitoring 
programme.  Aspects  monitored  included  heavy  metal  and  bacteria  accumulation  in  benthic  infauna  and 
bacterial die-off rates in the vicinity of the discharge area. 
 
The majority of monitoring records (18 or 86%) were proposed in the pre-development EIA documents and 
most  of  these  (14  records)  were  commitments  proposed  by  the  proponent  with  the  remaining  records  (4) 
proposed  in  EPA  recommendations.  Hence  the  pre-decision  stage  of  EIA  was  largely  responsible  for 
determining the overall monitoring programme for the project. 
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All of the proposed monitoring activities were implemented in practice. The three monitoring records (14%) 
established during the post-decision stages of EIA involved sediment sampling and testing for nutrient, heavy 
metal and pesticide concentrations in the vicinity of the outfall. This testing was first undertaken during a six 
month intensive monitoring programme in 1992 (discussed in greater detail in Section 4.8). 
 
The monitoring records were examined with respect to the list of significant issues identified for the Cape Peron 
Ocean Outlet project (Table 4.1). It was found that only one monitoring record (5%) was not related to one or 
more  significant  issue  in  some  way.  This  concerned  hydraulic  conditions  in  the  wastewater  pipeline.  This 
monitoring relates more to standard engineering practice for a project of this nature than to environmental 
management issues (although clearly a pipeline rupture would have direct environmental consequences). It was 
identified only during interviews with engineers for the project (i.e. it was not mentioned in post-decision stage 
monitoring reports). This may explain why it does not relate to any of the significant issues for the project. 
 
Of the remaining 20 monitoring records (95%) that were related to significant issues in some way, 11 were 
directly related to significant issues (52%) and nine were indirectly related to significant issues (43%). Overall 
this result indicates that the EIA process in this case maintained a high level of focus of monitoring effort on 
environmental  issues  of  perceived  significance.  The  indirectly  related  monitoring  records  all  concerned  the 
physical component of the environment and mostly addressed a specific environmental parameter which was 
used to explore a wider issue. For example, salinity profiles were measured in the vicinity of the outlet diffuser 
in order to determine the extent and shape of the wastewater plume (i.e. as the fresh wastewater mixes with 
seawater), which in turn was considered to be a significant issue for the project. 
 
The  individual  monitoring  records  were  examined  to  determine  any  relationships  with  environmental 
management  activities  undertaken  for  the  Cape  Peron  Ocean  Outfall  project.  It  was  found  that  only  three 
monitoring records (14%) had some sort of environmental management action associated with them. Two of 
these concerned conditions inside the onshore component of the pipeline and related to hydraulic performance 
(including pipeline condition) and the operation of the oxygen filling station (which sought to optimise the 
efficiency  of  oxygen  consumption  by  the  wastewater).  The  third  concerned  maintenance  of  the  structural 
stability  of  the  submarine  pipeline  (eg.  integrity  of  the  rock  backfill  covering  the  pipe).  The  remaining  18 
monitoring records (86%) did not require a management action relating to them. These all involved marine 
biological  and  water  quality  parameters  surrounding  the  key  purpose  of  the  project  for  the  disposal  of 
wastewater into the ocean (i.e. to monitor the effects of wastewater discharge on the marine environment). Up 
until the time of this research, the monitoring programmes had not detected any impacts that warranted a 
response by management. As noted in Section 4.4, not all impact predictions were able to be verified (especially 
marine biological issues) and hence some impacts may have occurred which have not been detected. The issue 
of marine environmental monitoring is discussed in further detail in Section 4.8. 
 
The final examination of the monitoring records for the Cape Peron Ocean Outlet classified the scientific rigour 
of the actual monitoring techniques used (Table 4.10). Overall a relatively high proportion of formal monitoring 
techniques were utilised. BACI techniques (i.e. the use of both baseline data and control sites) were used for 
eight  of  the  monitoring  records  (38%).  Seven  of  these  were  for  water  quality  parameters.  A  further  nine 
monitoring  records  (43%)  utilised  either  control  sites  or  baseline  information  only.  These  predominantly 
encompassed water quality parameters plus several of the biological parameters monitored. The more informal 
simple measurement programmes concerned physical processes (hydraulic performance and condition of the 
onshore pipeline plus wastewater plume dilution and dispersal) as well as bacteria die-off rates. The use of 
simple observation was restricted to an annual underwater survey of the pipeline and diffuser by divers for 
potential leakages or evidence of structural instability. 
 
The high level of formal monitoring techniques recorded for the Cape Peron Ocean Outfall project may, in part, 
be a reflection of the number and extent of pre-EIA studies undertaken. As previously indicated in Section 4.2, 
environmental investigations undertaken to select the most appropriate wastewater disposal option included 
marine monitoring programmes (eg. marine habitats, water quality and oceanographic investigations) of the 
project area. In practice, much of this data was able to be used as a record of baseline environmental conditions 
and to establish control sites for monitoring. In fact, it was specifically stated in the ERMP that the monitoring 
programme  for  the  project  would  include  "establishment  of  base-line  ecological  monitoring  stations  and 
transects...in the 2.5 years before discharge could commence" (MWSSDB 1982, p137). 
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  Monitoring Classification  No:  %   
         
  Before-After/Control-Impact (BACI)  8  38   
  Control or Before-After Only  9  43   
  Regular Measurement  1  5   
  Some Measurement  2  9   
  Observation Only  1  5   
         
  Total  21  100   
         
Table 4.10. Classification of the Scientific Rigour of Monitoring for the Cape Peron Ocean Outfall Project. 
 
The use of a formal monitoring approach may also reflect the proponent's considerable previous experience in 
managing and operating other wastewater outfalls along the Western Australian coast and offshore from the 
Perth metropolitan area in particular (i.e. it might be anticipated that a proponent with no previous experience 
may not be proficient at designing and implementing an environmental monitoring programme). 
 
Of particular interest for the Cape Peron Ocean Outfall case study has been the environmental monitoring 
programme  which  has  been  implemented  to  seek  information  on  the  environmental  consequences  of  the 
project.  Given  the  nature  of  the  project  (which  is  relatively  benign  with  respect  to  onshore  environmental 
impacts) the greatest focus has been on the marine environment. Despite the majority of monitoring records 
being recorded in the research database as representing formal techniques (eg. BACI monitoring or similar), this 
classification only provides one simple measure of the scientific rigour of monitoring. The extent and utility of 
marine monitoring for the project, therefore, is examined in detail in the following section. 
 
 
4.8  MARINE MONITORING PROGRAMME FOR THE CAPE PERON OCEAN OUTFALL PROJECT 
 
This section discusses the marine monitoring programme undertaken for the Cape Peron Ocean Outfall project. 
A summarised account of this programme is published in Morrison-Saunders (1996c). It can be seen from Table 
4.1 that approximately half of the list of significant issues explicitly identified for the project directly concern the 
marine environment. These relate to the overall purpose of the project, being the discharge of a foreign waste 
product  (and  hence  potential  contaminant)  into  a  relatively  pristine  marine  environment,  and  encompass 
potential adverse impacts on physical, biological and social resources. It is therefore appropriate to seek to 
understand the nature and extent of these potential impacts in practice. This, in turn, requires an examination of 
the  actual  marine  monitoring  programme  undertaken  (i.e.  from  which  environmental  impacts  may  be 
determined). 
 
The marine monitoring programme for the Cape Peron Ocean Outfall project has experienced a varied history 
involving changes in the parameters examined, frequency of measurement and in the agencies contracted to 
undertake the monitoring. In summary the marine monitoring regime has included three years of pre-discharge 
investigations,  an  initial  two  year  intensive  post-discharge  examination,  five  years  of  ongoing  annual 
monitoring and more recently a six month intensive monitoring investigation. These episodes in the overall 
monitoring regime are discussed in turn. 
 
Pre-discharge Monitoring Studies 
The pre-discharge monitoring commenced with the water quality characteristic determination carried out over 
four seasons in 1981 previously mentioned in Section 4.2. This monitoring included analysis of sediments and 
lobsters for heavy metals and the information was subsequently used in the preparation of the ERMP document 
(MWSSDB 1982). 
 
A second pre-discharge monitoring programme was carried out over the period December 1983 -June 1984. This 
programme  was  initiated  following  environmental  approval  of  the  Cape  Peron  Ocean  Outfall  project  and 
continued until the project was commissioned (i.e. it also incorporates the submarine pipeline construction 
period). This study looked at water quality monitoring, benthic fauna and sentinel mussels. The study did not 
examine  heavy  metal  concentrations  in  the  water,  benthic  fauna  nor  sentinel  mussels  and  there  was  no 
sampling of the sediments. The results indicated that the water quality was generally normal for local coastal 
waters (Halpern Glick Maunsell 1992). 
 
Intensive Monitoring 1984-1986 
In  accepting  the  proposal  as  put  forward  in  the  ERMP  document,  the  EPA  made  recommendations  that  a 
monitoring programme be set up that confirmed the predictions made in the ERMP and confirmed that water 
quality  criteria  were  being  met  (Department  of  Conservation  and  Environment  1982a).  The  water  quality 
criteria referred to here were published by the EPA in 1981 (Environmental Protection Authority 1981). This 
document identified a series of beneficial uses of marine and estuarine waters (some examples include direct 
contact recreation, harvesting of aquatic life for food, maintenance and preservation of aquatic ecosystems, 
navigation and shipping) and established criteria for particular water quality parameters necessary to support   66 
these uses of the environment. The criteria vary according to the nature of the beneficial use (eg. the presence of 
high bacteria levels in marine waters is unlikely to pose a problem to navigation or shipping activities but could 
represent a significant health risk for direct contact recreation, such as swimming). In the ERMP for the Cape 
Peron Ocean Outfall project, the proponent stated that: 
 
the major goal in the conceptual design of the project has been to meet the criteria proposed by the Working 
Group  to  the  Environmental  Protection  Authority  in  the  document  issued  in  April  1981  entitled:  "Water 
Quality Criteria for Marine and Estuarine Waters of W.A." (MWSSDB 1982, p104). 
 
The proponent subsequently identified the relevant beneficial uses applying to the local region and had made a 
number of predictions regarding the expected water quality in the vicinity of the outlet with respect to the 
corresponding water quality criteria for these beneficial uses. In doing so, it was acknowledged that the mixing 
zone in the immediate vicinity of the outfall diffuser (approximately 350m long by 100m wide) would generally 
be exempt from the water quality criteria (MWSSDB 1982). In assessing the project, the EPA reiterated the 
purpose and significance of the water quality criteria and recommended that the proponent undertake marine 
monitoring in order to confirm that the criteria were being met during subsequent operation of the project. 
 
In  addition  to  this  general  recommendation,  the  EPA  made  a  number  of  specific  recommendations  on  the 
proponent's proposed marine monitoring programme with respect to the predicted impacts of the outfall on 
marine water quality. These were that the monitoring programme should include (Department of Conservation 
and Environment 1982a):  
  determination of plume shape by measurement of water quality parameters for comparison with plume 
dispersion predictions; 
  surveys of benthic fauna near the diffuser to determine whether invertebrate species of food value to rock 
lobsters were increasing and/or being contaminated by faecal bacteria; 
  use of sentinel organisms (mussels were used in practice) to determine whether nearby marine organisms 
were being exposed to faecal bacteria; and 
  surveys of bacteria die-off rates to confirm calculations used in ERMP predictions. 
 
A  two  year  intensive  marine  monitoring  programme  addressing  these  aspects  was  initiated  once  the 
wastewater  discharge  became  operational  in  June  1984.  The  monitoring  reports  for  the  first  two  years  of 
operation reported that the ERMP predictions were generally being met (LeProvost Semeniuk & Chalmer 1985, 
1986). It is important to note that the case study research reported on here has attempted to audit the accuracy 
of all impact predictions identified for the Cape Peron Ocean Outfall project made in the pre-development EIA 
documentation.  With  respect  to  the  marine  monitoring  programme,  a  particular  suite  of  specific  impact 
predictions only were identified from the ERMP for verification document by the consultants undertaking the 
monitoring  on  behalf  of  the  proponent.  In  summary,  these  impact  predictions  were  as  follows  (LeProvost 
Semeniuk & Chalmer 1985, 1986): 
  that the wastewater plume would follow longshore currents with minimum onshore flow occurring; 
  a minimum of a 100 fold dilution would occur by the time the wastewater had risen to the surface over the 
diffuser; 
  a 1,000 fold dilution would occur within 250m of the outlet; 
  bacterial contamination would not extend beyond approximately 800m east-west and 3km north-south of 
the outlet; 
  there would be no accumulations of nutrients or heavy metals in the vicinity of the outlet; and 
  all the Water Quality Criteria would be easily satisfied for each of the likely future beneficial uses in the area. 
It is interesting to note that these predictions are all either quantified or expressed in precise terms (whereas 
overall the majority of impact predictions recorded for the project were expressed in vague qualitative terms 
only). 
 
During the period of the two year intensive monitoring programme the outfall was operating at 47% of the total 
discharge capacity. The consultants reported that the wastewater discharge plume was acting as predicted (i.e. 
with respect to dilution and dispersion characteristics) and that the water quality criteria were being met. The 
consultants subsequently recommended that the intensive annual monitoring be discontinued for a five year 
period (LeProvost Semeniuk & Chalmer 1986). 
 
5 year monitoring 1987-1991 
On the basis of the recommendations resulting from the two year intensive monitoring study, the proponent 
proposed  that  a  five  year  monitoring  programme  be  established  which  concentrated  on  annual  summer 
monitoring of water quality, bacterial sampling on the shore and an outlet inspection with a report submitted 
annually to the EPA. Much of this monitoring was a continuation of annual testing previously undertaken by 
the proponent since the outfall discharge commenced (eg. WAWA 1985a, 1985b, 1986). As for the two year 
intensive monitoring programme undertaken by consultants, the proponent's annual testing during the same 
period had not recorded any water quality or faecal bacteria problems. 
 
During the five year period that followed, a number of reports on the annual water quality testing programme 
were submitted (WAWA 1987a, 1987b, 1987c, 1988a, 1988b) culminating in a summary document of the whole 
programme (WAWA 1991). The results from the monitoring programme were still generally consistent with the   67 
original ERMP predictions and within water quality criteria values, although shore sites were found to have 
occasional high nutrient and bacteriological values (WAWA 1991). 
 
A number of limitations to the five yearly monitoring programme were, however, identified by the proponent 
in their summary report. These have direct bearing on the scientific rigour of the monitoring undertaken and 
included (WAWA 1991): 
  lack of sediment sampling; 
  unsuitable spatial distribution of sampling sites. The proponent utilised a fixed grid of samples situated 
directly over the diffuser and expected plume area (i.e. sample location was based upon the convenience to 
the  proponent  of  a  fixed  grid  rather  than  being  determined  with  respect  to  potential  influencing 
environmental parameters); 
  a single annual sampling occasion was insufficient (i.e. there was no ability to account for seasonal or other 
changes in water quality parameters over time); 
  no replication of sampling; 
  no depth sampling; and 
  inadequate control sites. 
 
The individual results obtained from this monitoring programme were not found to violate any of the water 
quality criteria established for the marine waters in the vicinity of the wastewater outfall. However, there was 
not sufficient scale and rigour of monitoring to accurately determine the influence of the outfall on marine 
water quality with respect to the monitoring results obtained. For example, the lack of depth sampling of water 
quality meant that the distribution of the plume could not be determined. Hence, in this case, it was not clear 
which  individual  measurements  were  influenced  by  the  outfall  and  which  were  simply  representative  of 
surface waters transported into the sampling area by local surface currents and winds. The five year water 
quality monitoring programme by the proponent is an example of the use of formal monitoring techniques with 
respect  to  the  relatively  simple  research  database  classification  system  (eg.  the  use  of  control  sites  and/or 
baseline  data).  However,  the  ability  of  this  monitoring  to  provide  useful  information  on  environmental 
performance outcomes for the project in this instance is highly questionable. 
 
Intensive Monitoring January-May 1992 
In response to the identified limitations of the five year monitoring programme and consistent with the earlier 
recommendations of LeProvost Semeniuk & Chalmer (1986), a second intensive monitoring programme was 
implemented. This was carried out by consultants (a different organisation to the previous one) on behalf of the 
proponent for a six month period in 1992. The following parameters were monitored (Halpern Glick Maunsell 
1992): 
  water  quality  -  nutrient  concentrations,  temperature,  dissolved  oxygen,  salinity,  pH  profiles,  light 
penetration, heavy metal concentrations, bacterial counts, chlorophyll 'a' concentrations. Monitoring was 
conducted both offshore and at shore locations; 
  sediment characteristics - nutrient concentrations, heavy metal concentrations, pesticides; and 
  bio accumulation - of heavy metals and bacteria in sentinel mussels and benthic infauna. 
 
The six month intensive monitoring also confirmed most of the suite of previously identified ERMP predictions. 
Plume dispersion was found to be significantly influenced by strong currents that predominate in a north-south 
axis  along  the  Sepia  depression  and  not  to  occur  in  an  inshore  direction.  The  predicted  initial  dilution  of 
wastewater (i.e. 100 fold dilution) occurred in the immediate vicinity of the outlet which indicates that the 
diffuser was operating according to its design specifications (i.e. spacing of the diffuser ports to achieve the 
intended initial dilution factor). The water quality criteria were also found to be met at all of the ocean sites over 
the sampling period. Nutrients were not found to be accumulating in the vicinity of the outlet and there was no 
indication of nuisance algal blooms occurring. Heavy metal and nutrient concentrations in sediments were 
similar to pre-discharge concentrations. A limited amount of bio accumulation of some heavy metals (cadmium, 
copper  and  zinc)  in  marine  biota  (cockles  and  mussels)  was  recorded,  although  all  recorded  heavy  metal 
concentrations were below health criteria at all times (Halpern Glick Maunsell 1992). 
 
Two of the ERMP predictions, however, were not supported in relation to the dilution and movement of the 
wastewater plume under some conditions. The 1,000 fold dilution predicted to occur within 250m of the outlet 
was often recorded beyond 500m from the outlet and beyond 1km on one occasion. In addition, bacteria in the 
plume were found to extend further northwards (up to 4km) in strong current conditions than the predicted 
extent (3km). This latter result was found to impact upon the control site used in water quality monitoring, 
which means that it was not indicative of true control conditions. The recommendations for future monitoring 
effort therefore suggested alternative control sites be established around 5km from the outlet (Halpern Glick 
Maunsell 1992). 
 
At the time of this research, the monitoring programme for the Cape Peron Ocean Outfall project was under 
suspension, awaiting the outcomes of a regional study of nearshore waters of the Perth metropolitan area. In 
1990 the EPA assessed a proposal by the proponent to duplicate an existing wastewater outfall in the northern 
nearshore  waters  of  Perth.  In  addition  to  project  specific  considerations,  the  EPA  recommended  that  the 
proponent undertake studies to determine the capacity of the waters of metropolitan Perth to assimilate the   68 
combined  wastewater  discharges  predicted  to  occur  by  the  year  2040  (Environmental  Protection  Authority 
1990a).  In  April  1991,  the  Ministers  for  the  Environment  and  Water  Resources  launched  studies  into  the 
cumulative impacts of wastewater inputs to Perth's coastal waters. The two studies which examine the northern 
and southern coastal waters respectively were undertaken by the EPA in conjunction with the proponent with 
the objective of developing a comprehensive environmental management strategy for these waters (Simpson et 
al. 1993). At the time of audit, the final report on this study had not been published. However, it was intended 
that the results of the study would be utilised in reviewing the marine monitoring requirements for effluent 
discharge for the Cape Peron Ocean Outfall project (Pers. Comm. C. Simpson, DEP, 7 October 1994). 
 
This case study provides a good example of adaptive and ongoing environmental monitoring that is specifically 
tailored to addressing the predicted EIA outcomes. While little specific information on the actual environmental 
consequences of this project was available at the time of audit due to temporal and spatial limitations in the 
monitoring, there has been ongoing focus of attention on this issue. The shortfallings of the monitoring regime 
have been acknowledged at each stage and attempts made to remedy this in subsequent monitoring. Hence a 
learning from experience process has been occurring for both the proponent and the EPA. It is interesting to 
note the influence of EIA on a separate project in precipitating a regional study incorporating other individual 
projects because of their combined potential cumulative impacts. Although beyond the scope of this case study, 
it would appear that the overall EIA process has been used as an environmental management tool in a regional 
sense rather than being restricted to the immediate scope of singular projects only. 
 
Having discussed the database results obtained for the Cape Peron Ocean Outfall case study and examined the 
marine monitoring programme in some detail, the final section in this chapter explores the relationship between 
EIA and environmental management for this project. 
 
 
4.9  THE  INFLUENCE  OF  EIA  ON  ENVIRONMENTAL  MANAGEMENT  FOR  THE  CAPE  PERON 
OCEAN OUTFALL PROJECT 
 
The purpose of this section is to examine the extent to which the EIA process has influenced environmental 
management activities for the Cape Peron Ocean Outfall project. In doing so, it is intended to identify when this 
influence occurred with respect to the EIA/environmental management model discussed previously in Chapter 
2 and how this influence came about (i.e. evidence of external or internal pressures on proponents or the level of 
rational processes).  
 
 
4.9.1  DID  THE  EIA  PROCESS  INFLUENCE  ENVIRONMENTAL  MANAGEMENT  OF  THE  CAPE 
PERON OCEAN OUTFALL PROJECT? 
 
The first point to consider is: did EIA have an effect on the environmental management of the project? As 
discussed  in  Chapter  3,  the  research  database  was  specifically  designed  to  explore  the  EIA/environmental 
management  relationship.  The  discussion  of  database  results  for  the  Cape  Peron  Ocean  Outfall  project  has 
presented numerous examples of the influence of EIA on environmental management. It is not intended to 
duplicate this information here. However, in summary some examples of the influence of EIA on environmental 
management for the project include: 
  the implementation of environmental management actions successfully avoided the occurrence of 22% of 
predicted impacts; 
  two inaccurately predicted impacts were responded to by the proponent to compensate for and rectify the 
situation; 
  all impacts that warranted an environmental management response have been addressed by the proponent; 
  the  majority  of  environmental  management  actions  were  related  to  impact  predictions  in  some  way, 
suggesting that management strategies were devised in consort with the identification of potential impacts; 
  all proposed environmental management actions were implemented in practice; 
  a new emergency contingency plan was implemented to accommodate increased wastewater flows for the 
project on a pro-active basis (i.e. before any problem had occurred); 
  the  majority  of  management  actions  pro-actively  sought  to  minimise  the  occurrence  or  extent  of 
environmental impacts, although provision was also made for rectification and compensation measures; 
  monitoring records were strongly related to identified significant issues for the project and all proposed 
monitoring activities were implemented in practice; and 
  the marine monitoring programme has been adapted and refined on an ongoing basis to improve its utility 
in verifying EIA predictions and determining the impacts of the project on the environment. 
 
Collectively, these examples provide strong evidence of the EIA process significantly influencing environmental 
management activities for this case study. 
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4.9.2  WHEN DID THE INFLUENCE OF EIA ON ENVIRONMENTAL MANAGEMENT OCCUR FOR 
THE CAPE PERON OCEAN OUTFALL? 
 
The next point to consider is: when did this influence occur? Using the EIA/environmental management model 
developed previously in Chapter 2, the EIA process can usefully be divided into three components representing 
the pre-decision, post-decision and transitional stages. The environmental management and monitoring records 
for the Cape Peron Ocean Outfall project have been classified according to these three stages as depicted in 
Figure  4.3.  Overall,  it  can  be  seen  that  relatively  few  management  and  monitoring  activities  were  initiated 
during the post-decision stage. The individual management and monitoring events are now discussed in turn. 
 
The vast majority of 33 environmental management activities (30 or 91%) were established during the pre-
decision stages of EIA. All of the proponent's commitments were included in this category plus most of the 
EPA's  recommendations.  Two  transitional  activities  (6%)  were  recorded,  which  both  related  to  EPA 
recommendations. The first concerned the location of drain points for the onshore pipeline. In response to the 
proponent's  commitment  to  provide  drain  points  at  locations  where  discharge  of  effluent  would  not  be  a 
nuisance or health problem, it was recommended that approval for the location of each drain point and any 
operational limitations should be obtained from the EPA when the final detailed design work was undertaken 
(Department  of  Conservation  and  Environment  1982a,  p18).  The  second  transitional  activity  was  a 
recommendation  for  the  proponent  to  obtain  advice  from  two  government  departments  on  proposed 
construction and re-vegetation techniques to be used in the five identified environmentally sensitive areas along 
the  onshore  pipeline  (Department  of  Conservation  and  Environment  1982a,  p18).  A  single  post-decision 
environmental management activity (3%) was recorded. This concerned the provision of the emergency outfall 
in Jervoise Bay which is intended to operate when flows are too great for the Cape Peron Ocean Outfall and the 
Woodman  Point  emergency  pipeline  capacity  has  also  been  exceeded.  As  discussed  previously,  this 
management strategy was proposed by the proponent and subjected to independent EIA. Overall, the greatest 
contribution of EIA to environmental management was established during the planning and decision-making 
stage  of  this  case  study.  There  has  been  little  evidence  of  EIA  contributing  to  an  ongoing  environmental 
management role. 
 
 
Figure 4.3. Origin of Environmental Management and Monitoring Activities for the Cape Peron Ocean Outfall 
Project With Respect to the Principal Decision Point. 
 
The 21 environmental monitoring records displayed a considerably different distribution with respect to the 
three stages of EIA. Only two records (10%) fell into the pre-decision category. These related to proponent 
commitments to check on hydraulic conditions throughout the pipeline system and to monitor the oxygen 
injection facility (MWSSDB 1982, p138). 
 
The majority of monitoring records (16 or 76%) fell into the transitional category. In the ERMP document, the 
proponent made a commitment to undertake a number of specific monitoring programmes and stated that 
approval  would  be  sought  from  the  Department  of  Conservation  and  Environment  for  these  programmes 
(MWSSDB 1982, p337). The EPA subsequently reiterated this point in their recommendation which outlined the 
specific marine parameters to be monitored. The EPA identified the objectives of the monitoring programme 
which related to determining the extent of project impacts, ensuring that other users of the marine environment 
continued to be protected as predicted in the ERMP and verifying some of the ERMP predictions relating to 
plume dispersion. It was proposed that the proponent submit a detailed monitoring programme to the EPA for   70 
approval within three months of the approval to proceed with the project (Department of Conservation and 
Environment  1982a,  p18).  The  details  of  the  subsequent  marine  monitoring  programme  were  discussed 
previously in Section 4.8. 
 
The remaining three monitoring records (14%) were initiated during the post-decision stages of EIA. These all 
related  to  sediment  monitoring  (nutrient,  heavy  metals  and  pesticide  concentrations)  which  was  first 
undertaken during the six month intensive monitoring programme in 1992. 
 
Overall, it can be seen that the environmental monitoring programme for the Cape Peron Ocean Outfall project 
was mostly proposed or established during the pre-development stages of EIA. However, as was demonstrated 
in  Section  4.8,  the  monitoring  programme  has  been  modified  and  amended  over  time.  The  results  of  the 
monitoring  programme  have  been  used  to  relate  environmental  performance  with  the  original  impact 
predictions and water quality criteria. A recommendation by the EPA for the proponent to take appropriate 
environmental management action should the monitoring indicate that unacceptable impacts are occurring still 
stands.  It  is  apparent  that  the  monitoring  programme  will  continue  to  be  modified  in  the  near  future  in 
accordance with the findings of regional studies of wastewater discharge in the nearshore waters of the Perth 
metropolitan region. Hence, there is considerable evidence that the procedures established by the original EIA 
process have continued to be amended and refined on an ongoing basis. 
 
 
4.9.3  HOW  DID  THE  ENVIRONMENTAL  MANAGEMENT  ACTIVITIES  FOR  THE  CAPE  PERON 
OCEAN OUTFALL PROJECT COME ABOUT? 
 
The last point to consider is the explanation for the origin or source of environmental management activities. 
This is relatively difficult to determine as this information is not always included in EIA documentation and the 
project participants interviewed are not always sure of this themselves. Hence, this discussion does not attempt 
to  be  fully  comprehensive  in  accounting  for  the  mechanisms  influencing  all  environmental  management 
activities.  However,  some  sources  can  be  identified  clearly.  These  include  the  effect  of  external  pressures 
including other legislation or administrative requirements, internal pressures and rational reforms, and are 
addressed in turn. 
 
Perhaps the most obvious influence on the case study beyond the immediate EIA process has been the existence 
of water quality criteria which apply to the Cape Peron Ocean Outfall project. As evidenced in Section 4.8, the 
water quality criteria were central to numerous EIA activities including: 
  project planning and design; 
  impact prediction and water quality/dispersion modelling; 
  the basis for management of the marine environment; and 
  environmental monitoring programme design (i.e. which parameters to monitor) and benchmark for the 
interpretation of data. 
While the water quality criteria existed independently, the EIA process has provided the means for applying 
them to the project. Never-the-less it provides as example of an external influence on the project. 
 
The  EPA  indicated  that  557  submissions  on  the  project  were  received  during  public  review  of  the  ERMP 
document. Of these, 544 were received from the public and 13 submissions were from Government departments 
with a vested interest in aspects of the proposal (Department of Conservation and Environment 1982a). Despite 
this high number of submissions, there is little evidence of this form of external pressure having much influence 
on project implementation and management. In its report, the EPA indicated the nature of public submissions 
when discussing individual issues before providing its own assessment of each issue. There is no evidence to 
suggest that these submissions influenced the actual outcomes as the EPA mostly appeared to support the 
position put forward by the original ERMP document. This point is illustrated in the following extracts from the 
EPA's assessment report addressing the issue of water quality. 
 
The  disposal  of  large  quantities  of  primary  treated  effluent  into  the  sea  is  obviously  an  environmentally 
sensitive issue, and it is also a controversial one. This has been shown by the very large public response to the 
ERMP....This  attitude  [that  the  marine  environment  may  deteriorate  due  to  pollution  from  the  project]  is 
clearly illustrated by the public response to the ERMP with some 40% of responses raising the issue of beach 
and  near  shore  pollution,  and  31%  referring  to  the  existing  Cockburn  Sound  problems.  The  EPA  can 
understand the reasons for the local concern about the proposal, and recognises its responsibility to carefully 
examine the proposal in an objective and scientific manner. 
 
The EPA considers that the [proponent] has presented sufficient evidence to show that the overall concept of 
disposing of this large volume of waste in the waters of Sepia Depression is environmentally sound. The 
[proponent] has shown that the discharge should not cause the water quality in any of the beneficial use zones 
to fall below the proposed Water Quality Criteria for those use zones. The EPA is also completely satisfied 
that there will be no adverse effects on the condition of any of the area's beaches or near shore water due to 
this proposal (Department of Conservation and Environment 1982a, p11-12). 
 
From this example, it can be seen that although there was considerable public concern about the water quality 
issue,  the  EPA  did  not  require  the  proponent  to  change  any  part  of  the  original  proposal.  Other  similar   71 
examples are also apparent in the EPA's assessment report. Hence, external pressure in this form would appear 
not to have directly influenced the approval decision outcome for the project. However, EPA recommendations 
for the proponent to undertake marine monitoring aimed at verifying some of the water quality predictions in 
the ERMP may be indicative of the EPA's response to the public interest in this particular issue. 
 
There  was  evidence  of  internal  influences  originating  with  the  proponent  itself.  An  example  relates  to  the 
proponent's development of its own policies concerning the nature of effluent to be accepted for treatment plus 
the quality of wastewater treatment processes and standards utilised. In the ERMP document it was stated that: 
 
It is the [proponent's] endorsed policy that: 
  Effluents from Kwinana industries will not be considered for inclusion in the scheme without a separate 
and complete environmental review. 
  The Woodman Point plant will only be permitted to receive domestic wastewater and industrial wastes 
that satisfy the [proponent's] strict quality limits. 
These  factors  would  ensure  that  the  nature  of  the  effluent  discharged  to  the  ocean  should  not  vary 
significantly in the future (MWSSDB 1982, p137). 
 
This example demonstrates the proponent's internal commitment to EIA and water quality standards which are 
of  relevance  to  environmental  performance.  A  second  example  of  internal  reform  is  indicative  in  the 
proponent's response to the recommendations made by the consultants undertaking the intensive monitoring 
programmes. The recommended refinements to the design and implementation of future programmes have 
been adopted by the proponent. The latter example is also suggestive of rational reform (i.e. responding to 
changes in available knowledge). 
 
The technical nature of the marine monitoring programme, and the interpretation of results with reference to 
the water quality criteria and impact predictions was indicative of rational notions of EIA. This appears to have 
been  brought  about  by  a  specific  recommendation  of  the  EPA  as  discussed  previously  (i.e.  to  compare 
monitoring  results  with  ERMP  predictions  and  the  water  quality  criteria).  Most  of  the  ERMP  predictions 
utilised  in  this  process  were  quantified  and  based  upon  oceanographic  studies  and  models  concerning 
wastewater dilution and dispersion. The water quality criteria also provided quantified levels of acceptable 
contamination by particular water quality parameters for the various beneficial uses of the surrounding marine 
waters.  The  monitoring  process  itself  generated  numerical  data  (eg.  salinity,  nutrient  and  bacteria 
concentrations  etc.).  These  features  are  consistent  with  the  rational-scientific  model  of  EIA.  In  practice,  the 
results  of  these  technical  studies  were  used  for  the  design  of  subsequent  monitoring  programmes  (eg. 
recommendations for the location of control sites). Hence, it would appear that rational processes have also 
contributed to project development and operation in this way, bearing in mind that the marine monitoring 
programme comprised only one aspect of the overall EIA process. 
 
In conclusion, a variety of EIA influences on outcomes and environmental performance are in evidence for the 
Cape Peron Ocean Outfall project. Overall, the greatest contribution was probably achieved during the pre-
decision stage of EIA in terms of establishing the monitoring and management programmes for the project. 
These  programmes  were  subsequently  implemented  as  planned  during  project  operation  and  many  are 
ongoing. Although smaller in extent, the transitional and post-decision stages of EIA have also contributed to 
ongoing environmental management of the Cape Peron Ocean Outfall project. The influences on the project 
include both internal and external reforms as well as rational-scientific processes. 
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CHAPTER 5  HARDING RIVER DAM 
 
5.1  INTRODUCTION 
 
This case study involves a water supply project. EIA was initiated with respect to the construction of a new 
water supply dam on the Harding River. However, the scope of the project has extended beyond consideration 
of the dam alone. The dam operates in conjunction with an existing water supply borefield in the Millstream 
groundwater aquifer and the EIA extended in part to include the environmental management of this borefield. 
Hence  the  case  study  effectively  comprises  two  major  components;  the  Harding  River  Dam  itself  and  the 
Millstream aquifer. 
 
The case study is described in full, including the EIA process to which it was subjected, in the following section. 
The list of significant issues identified for this project during the EIA process are then identified and discussed 
in  Section  5.3.  The  four  subsequent  sections  are  devoted  to  discussing  the  major  findings  relating  to  the 
database files and records for this case study. Two specific issues relating to the extent of land inundated by the 
Harding River Dam and management of water quality in the dam water supply are then discussed in detail in 
Section 5.8. The chapter concludes with a section in which the relationship between EIA and environmental 
management for the case study is examined. 
 
 
5.2  PROJECT OUTLINE AND EIA PROCESS FOR THE HARDING RIVER DAM 
 
The Harding River Dam (the actual reservoir is also known as Lake Poongkaliyarra) is located 23 km south of 
the town of Roebourne in the Pilbara Region of WA which is approximately 1,300km north of Perth (Figure 5.1). 
The dam was constructed during 1983 and 1984 by the Public Works Department. This Western Australian 
Government agency has subsequently undergone two name changes as a result of merges and divisions of 
different  agencies  over  time.  From  1984  to  1995  management  of  the  Harding  River  Dam  project  was  the 
responsibility of the Water Authority of Western Australia. This agency subsequently became known as the 
Water Corporation in 1995. As was the situation for the Cape Peron Ocean Outfall project discussed previously 
in Chapter 4, for most of the project's history and up until the time of this research, management responsibility 
had been predominantly with WAWA. This agency is the recorded author of most reports and publications for 
the project. However, to avoid any potential for confusion the generic term proponent will be used throughout 
this chapter to refer to the responsible agency. 
 
The  climate  of  the  Pilbara  region  is  classified  as  arid-tropical,  with  high  summer  temperatures,  high 
evaporation rates and unreliable rainfall. Flows in the Harding River are most common in the first six months of 
the year following tropical cyclones and thunderstorms, but persist for only short periods. The cyclonic rains 
and rocky nature of the catchment tend to generate flood flows which rise rapidly to a peak and then recede 
rapidly  (Rosich  and  McAuliffe  1993).  The  climatic  conditions  have  a  bearing  on  a  number  of  important 
environmental  issues  including  irregularity  in  supply  from  the  Harding  River  Dam  plus  the  potential  for 
erosion and turbidity associated with flood flows. 
 
The Harding River catchment occupies 1,071 km
2
 and is characterised by mixed shrub and spinifex grassland. 
The catchment had been used for grazing purposes with some important Aboriginal and recreation sites at 
natural  pools  in  the  river  bed  up  until  the  time  of  dam  construction.  The  reservoir  was  formed  by  the 
construction of a main earth embankment in the Harding River valley, an adjacent overflow spillway and a 
small, auxiliary embankment further south in the reservoir flood zone. At full supply level, the reservoir created 
by the dam has a surface area of 14 km
2
 and a capacity of 64 million m
3
. Mean reservoir depth is 4.5m, which is 
relatively shallow for a water supply reservoir, with a maximum depth of 24m (Rosich and McAuliffe 1993). A 
small pool was created immediately downstream from the dam wall as a recreational resource to compensate 
for existing natural pools upstream that were inundated as a result of dam construction. This pool, which is 
hereby referred to as the 'recreation pool' is provided with parking and other visitor facilities (eg. barbeques, 
seats, toilets etc). The dam wall is open to the public and a viewing platform has been provided overlooking the 
spillway and the surrounding countryside. 
 
The Harding River Dam was built to provide water to the West Pilbara Water Supply System in conjunction 
with water drawn from the Millstream groundwater aquifer. The West Pilbara Water Supply System serves the 
coastal towns and ports of Dampier, Karratha, Wickham and Cape Lambert. This water supply scheme was first 
constructed in 1969 to meet the water requirements of iron ore mining projects operated by Hamersley Iron Pty 
Ltd at Dampier and Karratha. Subsequent iron ore mining operations developed by Cliffs Robe River   73 
 
Figure 5.1 Location of the Harding River Dam and Millstream Aquifer   74 
Iron Associates (CRRIA) at Wickham and Cape Lambert were added to the scheme in 1971 (Public Works 
Department 1981).  
 
Prior to construction of Harding Dam, water for the West Pilbara Water Supply System was supplied solely by 
a  borefield  in  the  Millstream  groundwater  aquifer  located  approximately  100km  south  of  Roebourne  and 
Karratha (Figure 5.1). The Millstream aquifer occupies an area of more than 2,000km2 extending beneath the 
Fortescue River at its eastern end and into the Robe River catchment at its western end. Recharge of the aquifer 
occurs by infiltration from flood flows in the Fortescue River, direct infiltration of rainwater and by infiltration 
of small, ephemeral creeks that traverse the aquifer area (Dames & Moore 1984). 
 
Most of the Millstream aquifer lies within the Millstream-Chichester National Park which is of major ecological 
importance and scenic beauty. The Millstream area is characterised by permanent natural pools, channels and 
riverine ecosystems, which are fed by springs from the Millstream aquifer, and form an oasis habitat in stark 
contrast to the surrounding arid landscape. The channels are tributaries of the Fortescue River and drain the 
relatively  flat  surface  of  the  Millstream  aquifer  area.  The  pools  comprise  deeply  scoured  portions  of  the 
Fortescue River and several of them are permanent (Dames & Moore 1984). The area in which the natural pools 
and channels occur is commonly referred to as the Millstream Delta. 
 
Maintenance of the creeks and pools with its associated riverine vegetation depends on a continuing supply of 
water from the aquifer. Groundwater extraction from the aquifer during the 1970s caused aquifer levels to 
decline resulting in decreased spring flows and damage to parts of the pool and riverine ecosystem (Dames & 
Moore  1984).  A  two  part  solution  to  address  this  problem  was  implemented  in  the  late  1970s.  Firstly, 
implementation of an environmental supplementation scheme whereby some of the water pumped from the 
aquifer was used to artificially maintain spring flows. This supplementation scheme is discussed in more detail 
subsequently. Secondly, investigations into alternative water supply options in the Pilbara region to reduce 
demand on the Millstream aquifer were initiated resulting in the environmental assessment and approval of the 
Harding River Dam project in 1982. Further details on the background of the EIA process for the Harding River 
Dam are presented in the following subsection. 
 
 
5.2.1  BACKGROUND TO THE EIA OF THE HARDING RIVER DAM 
 
Reviews of the available water resources of the Pilbara region had commenced as early as 1964 (Wark 1988) 
with alternative water supply options being investigated in some detail and formally reported on first in 1975 
(Dames & Moore 1975). In 1979 a preliminary impact assessment of eight water supply options in the Pilbara 
region  was  undertaken  which  examined  five  potential  dam/reservoir  developments  and  three  potential 
borefields (Dames & Moore 1979). Although a formal document in itself, it was prepared for internal uses only 
by the proponent. In the report, engineering, hydrological and environmental studies were carried out for each 
of the eight options. A comparison matrix was formed with ranking based on terrestrial ecosystems, aquatic 
ecosystems, eutrophication potential, effect on sites of Aboriginal heritage and land use impacts (eg. on tourism 
and pastoralism). The Harding River Dam option or Cooya Pooya Station option as it was referred to then (due 
to the presence of a pastoral station by this name adjacent to the Harding River) was rated as having a high 
(adverse) environmental impact. This rating was also shared by two of the other options (a dam at Dogger 
Gorge on the Fortescue River downstream from Millstream and a dam on the Sherlock River approximately 
60km east of the Harding River site). 
 
In 1981 the proponent released a proposal for development of new source works and delivery systems to meet 
expanding water demands of towns and industries served by the West Pilbara Water Supply System (Public 
Works Department 1981). The report summarised the results of the investigations which had led to selection of 
the  Harding  Dam  option  as  the  preferred  alternative.  The  final  selection  was  based  on  a  combination  of 
projected water yield from the system and costs of construction in addition to environmental parameters. The 
report indicated that a detailed EIS document would need to be prepared on the selected option in order to 
meet EPA requirements (Public Works Department 1981). 
 
Accompanying  the  investigations  and  reports  produced  from  1975  onwards  on  the  available  options  for 
upgrading the West Pilbara Water Supply System was an extensive community consultation programme. This 
programme incorporated the following techniques (Wark 1988): 
  distribution of information brochures; 
  invitation to comment; 
  displays; 
  selected group discussion (including conservation groups and extensive liaison with local Aboriginal groups 
that would be affected by the different proposals); 
  public meetings; 
  informal written submissions; 
  formal written responses; and 
  media reports.   75 
Wark (1988) stated that while the early community consultation efforts on water planning in the Pilbara region 
had been described as involving the public only on a reactive basis, by the time of the specific Harding River 
Dam studies (eg. Public Works Department 1981), an active public involvement philosophy was in place. 
 
The following subsection examines the specific EIS and approval process for the Harding River Dam proposal. 
 
 
5.2.2  EIA  AND  ENVIRONMENTAL  MANAGEMENT  PROGRAMME  FOR  THE  HARDING  RIVER 
DAM PROJECT 
 
An ERMP on the Harding River Dam project was submitted to the EPA in January 1982 in accordance with the 
requirements of the Environmental Protection Act 1971. The ERMP proposed that the new reservoir would be 
operated conjunctively with the Millstream aquifer borefield, increasing the available system yield to 28 million 
m
3
 per year and was expected to satisfy projected regional water demands until the 21st century. Water would 
be drawn from the reservoir whenever possible (eg. following flood flows) and from the aquifer only when 
water of sufficient quantity or quality was not available in the reservoir (eg. during drought periods) (Dames & 
Moore 1982). 
 
Following public review and assessment, the EPA released its Report and Recommendations on the proposal in 
August of the same year. The EPA made a number of recommendations concerning project implementation 
including a proposed dual monitoring and management programme. The first component of this concerned 
monitoring to determine the effect of the dam on the ecology of the downstream Harding River pools, plus 
other  management  issues  relating  to  the  reservoir  and  surrounds.  The  second  component  of  the  dual 
monitoring programme was a request for a detailed environmental management and monitoring programme to 
be prepared for the Millstream aquifer. It was intended that this would determine the volume of water required 
for the Millstream environmental supplementation scheme and to investigate the effects of high demands being 
placed  on  the  aquifer  in  the  event  of  lengthy  dry  periods  occurring  (Department  of  Conservation  and 
Environment 1982b). The recommendations for dam and aquifer management programmes have subsequently 
been  implemented  through  the  preparation  of  separate  EMP  documents  and  follow-up  reporting  on  EMP 
outcomes. 
 
The Harding River Dam EMP reporting has been on a triennial basis with the first report covering the two year 
construction period and the first year of dam operation (Dames & Moore 1985b) followed by three reports 
(Dames & Moore 1988, WAWA 1992a, 1995) reporting on subsequent operational monitoring and management 
details  up  to  the  time  of  audit.  The  reporting  structure  is  based  on  an  initial  table  of  management  and 
monitoring commitments and requirements that is included in each report. The implementation status of each is 
indicated  in  the  table  with  a  brief  summary  of  the  actions  undertaken.  The  main  body  of  the  report  then 
contains a detailed description of issues plus management and monitoring events or findings. As particular 
items  are  addressed  and  all  requirements  met  in  the  EMP  reports  (eg.  rehabilitation  of  areas  affected  by 
construction activities), these items are acknowledged as being completed and are not included in subsequent 
reports.  In  effect  the  reporting  structure  is  based  upon  a  compliance  audit  approach,  with  subsequent 
monitoring reports ignoring items that have been complied with and focussing on outstanding issues only. 
Hence the emphasis of the more recent reports tend to be on new and ongoing (i.e. mid-long term) issues only. 
 
The EMP and reporting for the Millstream aquifer has taken a similar approach with respect to reporting style 
and structure. However, the initial request for management and monitoring was both of a more general and 
ongoing  nature  (eg.  continued  management  of  an  existing  borefield  and  hence  no  construction  and 
implementation phase). Consequently the focus and content of successive reports has not varied greatly. The 
timing of reporting on the Millstream EMP has been different to that for the Harding River Dam EMP. After 
preparation of an initial EMP document in 1984 (Dames & Moore 1984) outlining management objectives and 
proposed monitoring and management strategies, a formal annual report was prepared in the following year 
(WAWA  1985c)  which  was  submitted  to  the  EPA  and  made  publicly  available.  Subsequent  to  this,  annual 
reporting was undertaken on an internal basis only (but including submission to the EPA) until 1992 when a 
revised and publicly available EMP document was prepared (WAWA 1992b). While the overall management 
objectives remain unaltered, the revised EMP made a series of adjustments to management and monitoring 
practices in light of the information and environmental changes observed since the original 1984 EMP was 
prepared.  Most  of  these  changes  are  highlighted  in  the  following  discussion  on  the  environmental 
supplementation programme at Millstream. 
 
 
5.2.3  MILLSTREAM ENVIRONMENTAL SUPPLEMENTATION SCHEME 
 
The 1984 Millstream EMP outlined the history of the Millstream environmental supplementation scheme aimed 
at maintaining spring flows between some of the major natural pools occurring in the Millstream area. The 
supplementation programme was initiated following the observation that small reductions in the level of the 
Millstream  aquifer  (attributed  to  groundwater  extraction)  had  led  to  marked  reduction  of  spring  flows  to 
Crystal Pool and lesser reduction of flows to Deep Reach Pool. During the latter part of the 1970s much of the   76 
normally damp area of the Millstream delta dried out and considerable thinning of the tree canopy in the area 
was  observed.  At  least  one  of  the  channels  across  the  delta  had  ceased  to  flow  and  other  channels  were 
declining.  As  a  result,  groundwater  levels  to  the  west,  in  the  area  known  as  Woodley's  delta,  declined 
substantially and river gums died over an area of several hectares (Dames & Moore 1984). It was reported that 
since the supplementation system commenced continuous operations in 1982, the overall Millstream delta area 
appeared to be recovering with regeneration of river gums in the Woodley's delta area taking place (Dames & 
Moore 1984). 
 
The first supplementation pumping commenced at Crystal Pool in October 1979 with the establishment of a 
bore that pumped water at a rate of 1,300m3/day into the pool. By the summer of 1981/82 up to 15,000 m
3
/day 
additional supplementation from the water supply borefield collector main was required. Two supplementation 
bores connected to the existing system (each of 10,000m
3
/day capacity) became operational in June 1982. The 
original design concept was to operate one bore only with the other as a standby. It was estimated that the full 
peak  Millstream  delta  demand  was  9,700m
3
/day.  However,  in  1984  both  bores  were  being  run  in  parallel, 
providing water at a rate of approximately 15,000m
3
/day. The additional inflow was being used to supply Palm 
and Livistona Pools. These pools were deficient in water because of reduced spring flow from Deep Reach Pool. 
The  EMP  proposed  supplementation  at  Deep  Reach  to  supply  these  pools  so  that  the  Crystal  Pool 
supplementation could then be reduced to correspond to the delta demand and operated as duty/standby 
bores (Dames & Moore 1984). 
 
In the revised EMP of 1992, a lower maximum safe water yield from the Millstream aquifer was established in 
recognition of the damage observed during the relatively high extraction undertaken in the 1970s. This was 
made  possible  by  the  recovery  observed  since  commencement  of  both  the  environmental  supplementation 
programme  and  the  conjunctive  use  of  Harding  Dam  for  the  West  Pilbara  Water  Supply  Scheme  (WAWA 
1992b). It was found that the water level in the Millstream aquifer progressively rose from its lowest point ever 
recorded in January 1984 (i.e. about the time that construction of Harding Dam was under way). This change 
has been attributed to the use of the dam as an alternative water supply whenever possible (WAWA 1992b). As 
a result, natural spring flow in the Millstream area from the aquifer has resumed, negating the need for further 
supplementation from the borefield. Supplementation pumping from the aquifer ceased in January 1991. The 
pumps are now only used for approximately 10 minutes every 3 months during standard maintenance tests 
(Pers. Comm. P. Deegan, WAWA, 29 November 1994). The pumps and supplementation bores are maintained 
should they be required in the future. The revised Millstream EMP provides management objectives including 
water levels and flow rates for many of the pools and springs which will guide any future supplementation 
pumping that may be required (WAWA 1992b). 
 
The high conservation values attached to the pools and springs of the Millstream delta and their vulnerability to 
reductions in the water level within the groundwater aquifer was probably the most significant factor leading to 
the construction of the Harding River Dam. This issue remains one of the most important with respect to the 
ongoing management of the conjunctive use water supply system (which is discussed in detail in Section 5.8). 
 
The complete suite of significant environmental issues identified for the Harding River Dam project during the 
EIA process are presented and discussed in the following section. 
 
 
5.3  SIGNIFICANT ENVIRONMENTAL ISSUES FOR THE HARDING RIVER DAM PROJECT 
 
The  list  of  significant  environmental  issues  identified  by  the  EPA  for  the  Harding  River  Dam  project  is 
summarised in Table 5.1. It can be seen from this list and from the previous discussion that a major issue has 
been the management of the Millstream aquifer and delta area. This issue will not be further discussed here. 
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  HARDING RIVER DAM PROJECT 
Significant Environmental Issues 
 
 
  Explicit Issues in EPA Bulletin 115   
    Potential river channel erosion at proposed coarse filter material site.    
    Visibility of impervious core material site from recreation areas.   
    Potential for dust generation/erosion of highly erodable soils in reservoir basin.   
    Use of introduced plant species for rehabilitation (native species preferred).   
    Maintenance  of  Millstream  aquifer  and  natural  aquatic  environment.  Level  of 
environmental  supplementation  needed.  Effect  of  reduced  aquifer  levels  on  natural 
spring flow. Effects of high demands on aquifer during lengthy dry periods. 
 
    Need for further information on flora and fauna of the reservoir area.   
    Effect of altered Harding River flow regime on the ecology of downstream pools.   
    Effects of altered water and sediment regime on downstream estuarine mangroves.   
    Need for water resource conservation including Millstream aquifer recharge.   
    Need for an active water conservation programme in the Pilbara region.   
     
  Additional Issues Mentioned in EPA Bulletin 115   
    Potential for introducing exotic diseases and increased spread of existing disease   
    Potential for the recreation pool to facilitate waterborne diseases.   
    Water quality in the West Pilbara scheme. (Specifically high salt concentrations and 
its effect on human health). 
 
    Effect of inundation of Aboriginal archaeological sites.   
    Potential for erosion of the pool shoreline opposite spillway outlet.   
    Potential for impoundment of water behind existing railway embankment.   
     
Table 5.1. Significant Environmental Issues Identified for the Harding River Dam Project. Source: (Department 
of Conservation and Environment 1982b) 
 
Several significant issues concerned the soils and rocks in the vicinity of the Harding River Dam. In the ERMP it 
was proposed that construction materials for the earth embankment dam would be sourced from the bed of the 
Harding River. The EPA identified two significant issues associated with this concerning potential erosion of 
the disturbed sites (in particular from where the coarse filter material would be sourced) and the potential for 
adverse impacts on amenity for recreational visitors to the dam should the borrow pits be highly visible. The 
EPA  subsequently  recommended  that  the  proponent  obtain  construction  materials  from  the  area  to  be 
inundated by the new dam and avoid the use of downstream sites as a means of managing these issues. A 
further issue concerned the potential for highly erodable soils in the reservoir basin to contribute to reservoir 
sedimentation as a result of water erosion or to generate dust emissions during periods of low water levels in 
the reservoir. 
 
The proposed rehabilitation plans in the ERMP for areas disturbed by dam construction advocated the use of 
buffel grass. One of the responses to the ERMP during the public consultation period pointed out that buffel 
grass is an introduced species and suggested that native species would be more appropriate (Wark 1988). This 
point  was  taken  up  by  the  EPA  who  subsequently  identified  it  as  a  significant  issue  and  made  a 
recommendation to this effect (Department of Conservation and Environment 1982b). This example highlights 
one  of  the  key  advantages  of  involving  the  public  in  the  EIA  decision-making  process  (i.e.  contribution  to 
project design and impact mitigation). 
 
Several ecological issues were identified by the EPA. These included the limited knowledge about the flora and 
fauna of the reservoir basin that would be inundated. It was recommended that further biological surveys of the 
basin  area  should  be  conducted  prior  to  project  implementation.  Two  issues  concerned  the  effect  of  the 
proposed  dam  on  downstream  ecological  systems  including  freshwater  pools  in  the  Harding  River  and 
mangrove communities in the estuary at Roebourne where the river enters the Indian Ocean. The proponent 
was requested to monitor the effect of reduced fresh water flows and sediment contributions of the Harding 
River as a result of dam construction. 
 
The  EPA  identified  a  need  for  water  conservation  measures  to  be  implemented  by  the  proponent  both  at 
Millstream and in the wider Pilbara region as a means of minimising the draw on the Millstream aquifer, and 
thereby  minimising  the  environmental  impacts  associated  with  use  of  the  borefield.  It  was  intended  that 
reduced  water  demand  in  the  region  would  mean  that  a  greater  proportion  of  the  water  supply  could  be 
provided by the Harding River Dam than that forecast for the conjunctive use scheme as presented in the ERMP 
document. 
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A  number  of  additional  issues  were  mentioned  only  briefly  by  the  EPA  in  their  assessment  report  on  the 
Harding River Dam project. Several of these were related to potential public health concerns such as the risk of 
waterborne diseases (eg. Ross River virus and Australian encephalitis) posed by creation of a relatively large 
permanent fresh water body in an arid-tropical environment. A further human health concern related to the 
actual water quality in the reservoir and the wider West Pilbara Water Supply System particularly in relation to 
salt concentrations (which are relatively high). 
 
Other  issues  identified  by  the  EPA  included  the  adverse  impact  on  Aboriginal  archaeological  sites  in  the 
Harding River valley to be flooded by dam construction, and the potential for scour to occur in the recreation 
pool adjacent to the spillway outlet. (An earth embankment dam is not permitted to overflow as this would 
damage the structure of the dam. A spillway is provided adjacent to the Harding River Dam which is several 
metres lower than the height of the dam and this flows into the recreation pool). The final issue identified by the 
EPA was the potential for water to become impounded behind an existing railway line in the upper reaches of 
the reservoir following a flood event. Such impoundment would pose a structural stability risk for the railway. 
 
The suite of significant environmental issues identified for the project are frequently referred to in the following 
four  sections  which  discuss  the  database  results  in  detail.  The  first  of  these  sections  examines  the  impact 
predictions identified in the pre-development EIA documents. 
 
 
5.4  EIA IMPACT PREDICTIONS FOR THE HARDING RIVER DAM PROJECT 
 
A total of 106 impact predictions were recorded for the Harding River Dam project. This was by far the highest 
number recorded for a single project within the six case studies examined in this research. A similarly high 
number of actual impacts, environmental management actions and monitoring records were also recorded (as 
will  be  seen  in  subsequent  sections).  This  reflects  the  relative  scale  and  complexity  of  the  project  (i.e. 
incorporating both the Harding River Dam itself plus the Millstream aquifer environment) compared to the 
other case studies. 
 
In the following discussion, the impact predictions for the Harding River Dam are examined in various ways 
including consideration of environmental component and subject, the relationship with identified significant 
issues, manner of expression, the relationship with environmental management activities, and relationship with 
the occurrence of observed impacts. These characteristics of the impact predictions are addressed in turn. 
 
The environmental component and subject of the impact predictions for the Harding River Dam project are 
shown  in  Table  5.2.  Almost  half  of  the  impact  predictions  addressed  the  physical  component  of  the 
environment (45%). With respect to subject, a considerable number of these (15%) involved physical processes. 
These predominantly concerned issues relating to river and reservoir flows such as annual flood and flow rates 
in  the  Harding  River,  sediment  loads  entering  the  reservoir  during  floods,  reductions  in  river  flow  rates 
downstream from the dam and potential for scouring and erosion around the base of the spillway during flood 
events. In short, the success of the project hinges on natural physical processes (i.e. rainfall and river flows) 
while at the same time impacting on these processes (i.e. reduced river flow downstream from the dam). 
 
The single largest subject category for the physical component of the environment concerned water quality 
issues (21%). These largely addressed specific reservoir water quality parameters and issues, but also included 
impacts  of  the  conjunctive  use  scheme  on  the  Millstream  aquifer,  water  quality  in  the  Harding  River 
downstream from the dam and potential effects on the Roebourne aquifer (which is partly dependent upon the 
Harding  River  flows  for  natural  recharge).  The  single  air  quality  prediction  (1%)  concerned  potential  dust 
generation  from  exposed  bare  soils  in  the  upper  reaches  of  the  reservoir  when  water  levels  are  low.  The 
remaining (8%) of physical component impact predictions addressed landform/soil issues such as the nature, 
depth and area of borrow pits for dam construction materials plus other areas to be disturbed by construction 
activities. 
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  Component and Subject  No.  %   
         
  Physical Component  48  45   
    Physical Processes  16  (15%)       
    Water Quality  23  (21%)       
    Air Quality  1  (1%)       
    Landform/Soil  8  (8%)       
         
  Biological Component  39  36   
         
  Social Component    19  19   
    Human  8  (8%)       
    Recreation  8  (8%)       
    Economic  3  (3%)       
         
  Total  106  100   
         
Table 5.2 Environmental Component and Subject of Predicted Impacts for the Harding River Dam Project. 
 
Approximately one third of the impact predictions concerned the biological component of the environment 
(36%). These covered a wide range of habitat types and issues such as: 
  clearing and removal of vegetation associated with dam construction activities; 
  area of existing riverine and other vegetation to be inundated plus the impact of this upon fauna; 
  impacts of the dam upon migratory fish species; 
  colonisation of the reservoir and its shoreline by aquatic plants; and 
  impact upon riverine and estuarine habitats downstream from the dam. 
 
Impact predictions addressing the social component of the environment formed the smallest proportion (19%). 
These included predictions concerning the human subject category (8%) such as impacts upon Aboriginal sites 
of archaeological significance and public health risks associated with waterborne diseases. Impact predictions 
concerning recreation issues (8%) related to the provision of new recreation facilities at the dam site, inundation 
of  existing  popular  riverine  pools  and  the  closure  of  existing  tourist  facilities  at  Cooya  Pooya  Station.  The 
remaining impact predictions (3%) concerned economic issues relating to the loss of pastoral land (and hence 
productivity) on stations upstream from the dam. 
 
The subject matter of impact predictions for the Harding River Dam project were compared with the list of 
significant issues identified for the project (Table 5.1). A relatively large proportion of impact predictions (41 
records or 39%) were found to be not related to any of these significant issues at all. In other words, over one 
third of all impact predictions were of questionable value to the EIA process. Of the remaining 65 records (61%) 
which did relate to significant issues in some way, 35 (37%) were directly related and 28 (26%) were indirectly 
related to these issues. A statistically significant relationship was found between the environmental component 
of impact predictions and the extent to which they addressed important issues (χ2= 17.395; p<0.01; d.f. 4). None 
of the social component predictions were directly related to significant issues and they were mostly not related 
to significant issues at all. Physical component predictions, on the other hand, were more likely to be directly 
related to significant issues and less likely to be not related to significant issues. The implication of this result is 
that the issues identified by the EPA as being of particular significance during project assessment appear to be 
more focussed on biophysical considerations with little or no social issues mentioned. 
 
The impact predictions were classified in two ways according to the manner in which they were presented. The 
majority of impact predictions (69 records or 65%) were expressed in formal terms (i.e. one or more specific 
impacts could be identified which clearly related directly to some part of the project). However, the remaining 
37 records (35%) constitute a relatively high proportion of impact predictions classified as representing the 
general identification of a potential impact only. These statements covered a wide range of issues and subjects. 
They were included in the 'general identification' classification because they did not specify a particular project 
impact. For example: 
 
Aggregates for use in concrete structures associated with the project will be produced from natural river 
gravels  occurring  upstream  and  downstream  of  the  dam  site.  The  upstream  gravel  areas  will  cover  an 
estimated 9ha while the downstream pits will be approximately 4ha in area. (Dames & Moore 1982, p12). 
 
Implementation  of  this  proposed  action  presumably  could  give  rise  to  several  discrete  impacts  such  as 
disturbances to landform/soil complexes, loss of flora and fauna habitat, noise and dust emissions etc. While 
these impacts have not been specified, the statement remains auditable with respect to the areas of disturbance 
predicted (note also that this is a quantified statement). There was no obvious pattern to the use of these general 
issue identification statements. Hence, the high number recorded would appear to be simply a reflection of the 
particular writing style of the proponent and their consultants in the ERMP document. The second classification   80 
of the manner of prediction relates to quantification and the degree of precision. Only 18 impact predictions 
(17%) were quantified with an additional 14 (13%) expressed in precise qualitative terms. The remaining 74 
impact predictions (70%) were expressed in vague qualitative terms.  
 
Slightly more than half of the impact predictions (61 or 58%) had some sort of environmental management 
action  associated  with  them.  These  were  tested  with  respect  to  several  other  classifications  of  the  impact 
predictions. It was found that there was no association between impact predictions with an environmental 
management action and either the significance of predicted impacts, the use of formal predictive statements or 
quantification. Hence an environmental management action was just as likely to be proposed for issues not 
considered to be significant, statements of general issue identification only and vague qualitative predictions. 
 
The remaining discussion on the impact predictions for the Harding River Dam project relates to the occurrence 
of actual impacts. One third of all predictions (35 or 33%) did have an impact associated with them. For 25 of 
the impact predictions (24%) there was no information available to determine whether or not an impact had 
actually occurred. This provides an indication of the inadequacies of monitoring programmes to verify impact 
predictions.  It  was  found  that  18  of  the  predictions  that  could  not  be  verified  addressed  the  biological 
component of the environment. These account for some 46% of all biological predictions for the project. Hence, 
it  would  appear  that  monitoring  programmes  have  been  particularly  deficient  at  verifying  the  predicted 
biological consequences of project implementation. 
 
An impact did not occur for 46 of the impact predictions (43%) and a break down of reasons is shown in Table 
5.3. In eight cases, a predicted impact was avoided by the implementation of a management action proposed 
during the EIA process. These all related to construction activities and included actions such as dust control 
measures, careful access track construction and maintenance to avoid erosion and fencing of Aboriginal sites to 
prevent intrusion by construction workers. In one case (1%), a project design change resulted in a prediction 
becoming invalid. This concerned a lowering of the final height of the dam wall and the subsequent extent of 
the reservoir waters which otherwise would have inundated a railway line in the upper reaches during major 
flood flows (discussed further in Section 5.8). 
 
         
  Why Didn't Impact Occur?  No.  %   
         
  EIA Management  8  8   
  Project Design Change  1  1   
  Accurate Prediction  15  14   
  Inaccurate Prediction  12  11   
  Other  10  9   
  No Information  25  24   
  Not Applicable  35  33   
         
  Total  106  100   
         
Table 5.3 Reasons Why Predicted Impacts Did Not Eventuate for the Harding River Dam Project. 
 
The reason 27 potential impacts (25%) did not occur in practice related to predictive accuracy. Fifteen impact 
predictions  (14%)  that  did  not  expect  an  impact  to  occur  were  found  to  be  accurate.  A  further  12  impact 
predictions (11%) did expect an impact to occur but were found to be inaccurate. The remaining 10 predictions 
(9%) for which no impact occurred were the result of some sort of other explanation. An example of this was a 
prediction that the water demand that would be placed upon the Millstream aquifer during an extended dry 
period (i.e. when Harding River Dam was empty or otherwise unserviceable) would exceed the level set for 
maximum safe yield. Up until the time of audit, this impact had not occurred and this was largely due to a 
regional population growth decline following closure of some of the major resource development projects in the 
region (i.e. the prediction was based on an increased regional population whereas the opposite was the case in 
practice). 
 
The actual impacts that occurred for the case study are examined in the following section. 
 
 
5.5  RECORDED IMPACTS FOR THE HARDING RIVER DAM PROJECT 
 
A  total  of  19  environmental  impacts  were  recorded  for  the  Harding  River  Dam  project.  In  the  following 
discussion, these impacts are examined in terms of environmental component and subject, manner of impact 
determination,  their  perceived  significance,  predictive  accuracy,  outcome  compared  to  predictions  and 
environmental management response. 
 
The  environmental  component  and  subject  of  actual  impacts  is  shown  in  Table  5.4.  Recorded  impacts  fell 
approximately equally into the three environmental component categories, although the biological component   81 
was less than the others. Given that many biological component predictions could not be verified, it seems 
probable that more of these impacts have occurred in practice than have been recorded here. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  7  37   
    Physical Processes  1  (5%)       
    Water Quality  6  (32%)       
         
  Biological Component  5  26   
         
  Social Component  7  37   
    Human  3  (16%)       
    Recreation  3  (16%)       
    Economic  1  (5%)       
         
  Total  19  100   
         
Table 5.4 Environmental Component and Subject of Recorded Impacts for the Harding River Dam project. 
 
The single impact on physical processes refers to the reduction in downstream flows in Harding River resulting 
from dam construction. This is an inevitable outcome of the project and the extent of the impact has not been 
quantified  in  practice.  Water  quality  impacts  formed  the  single  largest  subject  category  overall  and  these 
include several specific water quality issues in the reservoir itself (eg. stratification, oxygen depletion in bottom 
waters and weed growth in the shallows) plus changes to the Millstream and Roebourne aquifers as a result of 
the project. A recovery in groundwater levels has been observed at Millstream while levels at Roebourne have 
decreased  and  the  water  has  become  more  saline.  There  were  no  impacts  recorded  with  respect  to  the  air 
quality and landform/soil subject categories. 
 
The biological impacts covered a variety of negative and positive effects. Examples of negative effects include 
the loss of vegetation and fauna habitat associated with the reservoir basin itself plus areas disturbed during 
construction activities (eg. borrow pits). Examples of positive effects include the gradual recovery of the natural 
environment at Millstream and increased use of the dam site area by waterbirds as a result of creation of new 
(i.e. the reservoir) freshwater habitats. 
 
The recorded social impacts were spread among all three subject categories. Human category impacts included 
the inundation of over 90 Aboriginal archaeological sites, the increased risk of people living and recreating near 
the  dam  contracting  waterborne  diseases,  and  complaints  of  undesirable  tastes  and  odours  in  the  water 
supplied from Harding River Dam that can occur when stratified conditions in the reservoir break down. Two 
of the three recreational impacts are considered to be beneficial and relate to improved access to the Harding 
River area made possible by the dam access road plus the provision of new recreational facilities at the dam site. 
The third concerns the loss of existing pools on the Harding River which were previously popular swimming 
and recreational sites. The single economic impact relates to the loss of pastoral landuse on Cooya Pooya Station 
(which was completely resumed) plus sections of other stations that fall within the catchment of the Harding 
River. 
 
The means of impact determination is shown in Table 5.5. There were no examples where BACI monitoring 
techniques resulted in impacts being recorded. The two impacts concerning the Millstream environment (11%) 
were detected by the use of before/after information (in this case, it would not be possible to have used control 
sites because there are no other comparable sites). The impacts detected by either regular measurement (21%) or 
some measurement (5%) all concerned water quality issues with the addition of the increased disease risk. 
Simple observation (21%) was used to record reservoir weed growth, waterbird usage of the reservoir, the 
beneficial  recreational  facilities  at  the  dam  site  and  undesirable  tastes  and  odours  in  water  supply.  The 
occurrence of inevitable project outcomes (42%) was the most common means of impact detection accounting 
for the remaining suite of impacts. 
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  How Was Impact Detected?  No.  %   
         
  Control or Before-After Only  2  11   
  Regular Measurement  4  21   
  Some Measurement  1  5   
  Observation Only  4  21   
  Inevitable  8  42   
         
  Total  19  100   
         
Table 5.5 Method of Impact Detection for the Harding River Dam Project. 
 
The subject of impacts were compared with the list of significant issues previously identified in Table 5.1. It was 
found that the majority of impacts did not represent significant issues (11 or 58%). Seven impacts (37%) did 
represent significant issues while the remaining impact (5%) represented a new issue. This was the occurrence 
of unpleasant tastes and odours in the Harding River Dam water supply. In addition to representing a new 
issue, this impact was the only one that was not considered in an impact prediction in some way (i.e. it was 
unexpected). Hence, impact predictions were found to be associated with 95% of the recorded impacts in some 
way. 
 
When examining the accuracy of those impacts with corresponding predictions, it was found that 14 (74% 
overall) were accurately predicted to occur with four (21%) being inaccurately predicted. The outcome of these 
inaccurately predicted impacts compared to the original predictions was varied. Two of them (11%), involving 
the  quarry  areas  downstream  from  the  dam  site  (which  were  smaller  than  originally  planned)  and  the 
waterbird usage of the reservoir turned out to be better than expected. The other two (11%), involving water 
quality problems in the reservoir and occurrence of stratification, turned out to be worse than expected. The 
management of problems associated with water quality in the reservoir is discussed in detail in Section 5.8. The 
reason why these four impacts were different to their predicted state was largely attributed to inaccuracies in 
the  impact  predictions  themselves.  In  only  one  case  (5%),  concerning  the  downstream  quarry  areas, 
environmental management actions by the proponent affected the impact outcome. This was in response to a 
recommendation of the EPA to minimise the extent of quarry areas outside of the reservoir basin. 
 
The outcome of the 14 accurately predicted impacts (74%) were all considered to be the same as predicted. The 
most common reason for an impact to be considered the same as predicted was because it was an inevitable 
outcome of project implementation (8 or 42%). However, in three cases (16%) the implementation of a planned 
environmental management action ensured that the outcome was the same as predicted. These involved the 
improvements at Millstream plus the provision of recreational facilities at Harding River Dam (i.e. all beneficial 
outcomes). The remaining three impacts (16%) were the same as predicted as a result of successful predictive 
techniques being utilised. 
 
The proponent's management response to the recorded impacts is shown in Table 5.6. Approximately half of 
the impacts (47%) did not require a response by management. These concerned the beneficial impact outcomes 
plus  the  impacts  that  could  not  be  avoided  (eg.  inundation  of  Aboriginal  archaeological  sites  and  natural 
habitats). 
 
The single action undertaken to minimise an impact (5%) concerns the risk of disease contraction in the vicinity 
of the reservoir. The proponent has erected appropriate warning signs and distributes educational leaflets about 
disease (specifically arbovirus) risk to dam visitors and camping is not permitted at the recreational pool (i.e. 
the risk of being bitten by mosquitos which are a vector for arbovirus transmission is much higher during the 
night). Rectification measures (five records or 27%) were implemented for sites disturbed during construction 
(eg. site re-contouring and topsoil spreading) as well as for some of the water quality problems experienced 
(discussed  fully  in  Section  5.8).  The  single  compensation  measure  (5%)  related  to  the  provision  of  new 
recreational facilities at the dam site to compensate for the loss of natural pools on the Harding River. There 
was no management response to one impact (5%). This concerned the observed weed growth in the reservoir 
shallows. At the time of this research, the weed growth was not considered to be a problem although it was 
acknowledged that it does provide a better habitat for mosquito breeding (linked to the risk of arbovirus) than 
would clear open water. 
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  Management Response  No.  %   
         
  Not Required  9  47   
  Minimise Impact  1  5   
  Rectification  5  27   
  Compensation  1  5   
  None  1  5   
  Other  2  11   
         
  Total  19  100   
         
Table 5.6 Management Response to Actual Impacts for the Harding River Dam Project. 
 
The two impacts (11%) with an 'other' response related to water problems that occur in the reservoir during 
rainfall and flood events, and changes to the environment and its management at Millstream. The response to 
the water quality impact has been to temporarily utilise the Millstream aquifer borefield for water supply until 
the dam supply can be brought back into service. The changes at Millstream are partly a result of planned 
changes to borefield management as part of the EMP process and partly the result of management activities by 
the Department of Conservation and Management who are responsible for managing the Millstream-Chichester 
National Park. For example, the natural vegetation recovery at Millstream has been largely due to the increased 
availability of water associated with increased aquifer levels. However, vegetation growth is also influenced by 
fire management, weed control programmes and visitor management programmes which are the responsibility 
of this agency. 
 
The environmental management actions recorded for the Harding River Dam project are discussed in greater 
detail in the following section. 
 
 
5.6  ENVIRONMENTAL MANAGEMENT OF THE HARDING RIVER DAM PROJECT 
 
A total of 47 environmental management actions were recorded for the Harding River Dam project. In the 
following discussion these records are examined with respect to their environmental component and subject, 
implementation rate, their relationship with impact predictions, their origin and a classification of their nature 
with respect to the occurrence of potential impacts. 
 
The focus of environmental management records in terms of environmental component and subject is shown in 
Table 5.7. It can be seen that the biological component of the environment has received the least attention from 
project  managers  (15%)  and  the  physical  environment  the  most  (61%).  This  is  consistent  with  the  finding 
presented earlier in Section 5.4 concerning the environmental component of impact predictions that had an 
environmental management action associated with them. 
 
The full suite of subject categories within the physical component of the environment had management records 
associated with them. Management of physical processes (four records or 9%) concerned the treatment of roads 
and  railways  in  order  to  minimise  or  avoid  erosion  processes  (particularly  water  erosion).  Management  of 
water quality issues was the single largest subject category accounting for 18 records (38%) and covered a wide 
range of specific matters. Some examples include: 
  sanitation and hygiene controls for the temporary camp used by the dam construction workforce; 
  management of vegetation in and around the reservoir basin to control water quality; 
  various specific management controls relating to the conjunctive use system; 
  water resources management programme at Millstream; and 
  public programme to promote water conservation. 
Management  of  air  quality  issues  (two  records  or  4%)  was  restricted  to  dust  control  measures  relating  to 
construction activities and management of exposed areas of the reservoir bed during extended dry periods. The 
five landform/soil management issues (10%) mostly concerned the sourcing and management of borrow pits 
for  construction  materials,  but  also  included  a  commitment  to  remove  all  stock  from  the  Harding  River 
catchment area. The latter was intended to aid in the establishment of vegetation cover and hence prevent soil 
erosion (which would otherwise contribute to reservoir sedimentation processes). 
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  Component and Subject  No.  %   
         
  Physical Component  29  61   
    Physical Processes  4  (9%)       
    Water Quality  18  (38%)       
    Air Quality  2  (4%)       
    Landform/Soil  5  (10%)       
         
  Biological Component  7  15   
         
  Social Component  11  24   
    Human  7  (15%)       
    Recreation  4  (9%)       
         
  Total  47  100   
         
Table 5.7 Environmental Component and Subject of Management Records for the Harding River Dam Project. 
As already stated, the Harding River Dam project was assessed under the terms of the Environmental Protection 
Act 1971 and consequently the environmental management records were not legally enforceable. It is therefore 
interesting  to  examine  their  implementation  rate  (Table  5.8).  It  can  be  seen  that  overall  a  very  high 
implementation rate was recorded (90%) with the majority of proposed management actions (29 records or 
60%) being implemented exactly as intended (i.e. the 'Yes in Detail' category). Some changes were made to the 
proposed rehabilitation programme which resulted in six management records only being implemented in part 
(13%). In the ERMP, it was proposed that rehabilitation would extend to planting but in practice topsoil was 
spread over disturbed areas and then left for natural revegetation processes to occur. This accounted for most of 
the management actions only implemented in part. For eight records (17%), changes were made to management 
programmes  based  upon  operating  experience  which  resulted  in  management  objectives  being  achieved  in 
different  ways  to  that  originally  intended  in  the  pre-development  EIA  documents  (i.e.  the  'Yes  in  Effect' 
category). Many of these related to the management of water quality issues in the reservoir. 
 
         
  Was  Proposed  Management  Action 
Implemented? 
 
No. 
 
% 
 
         
  Total Yes Categories  42  90   
    Yes in Detail  28  (60%)       
    Yes in Part  6  (13%)       
    Yes in Effect  8  (17%)       
  No  3  6   
  New Action  1  2   
  Not Applicable Yet  1  2   
         
  Total  47  100   
         
Table 5.8 Implementation of Environmental Management Actions for the Harding River Dam Project. 
 
Three environmental management records (6%) were not implemented in practice. Two of these records (a 
proponent commitment plus an EPA recommendation) related to proposals to utilise areas upstream from the 
dam for borrow pits to source construction materials. Whilst most of the borrow pits were located within the 
reservoir  basin  itself  (and  hence  were  contained  within  the  area  of  inundation),  some  excavation  was 
undertaken  downstream  from  the  dam.  This  was  due  to  the  restricted  availability  of  suitable  materials 
upstream  from  the  dam.  The  third  management  action  that  was  not  implemented  in  practice  related  to  a 
commitment  to  make  use  of  the  multi-level  offtake  following  flood  inflows  into  the  reservoir  to  minimise 
turbidity in the water supply. In practice, it has been found necessary to switch the water supply completely to 
the Millstream aquifer for a minimum of two weeks following major reservoir inflows. 
 
A single new management action (2%) was initiated following project implementation involving the installation 
of an aerator in the reservoir to overcome water stratification problems. This issue is discussed in greater detail 
in Section 5.8. 
 
One environmental management action (2%) was not applicable at the time of this research. This involved a 
commitment  to  implement  appropriate  animal  control  measures  should  kangaroo  or  dingo  populations 
increase to problem levels in the Harding River catchment area in response to the availability of a permanent 
fresh water supply. No problem level animal population increases had occurred at the time of audit. There were 
no cases where there was no information available to determine whether or not proposed management actions 
had been implemented in practice. 
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The relationship between environmental management actions and the impact prediction process was examined. 
It was found that all but one management action (46 records or 98%) were related to an impact prediction in 
some  way.  This  result  implies  that  the  proposed  environmental  management  activities  were  derived  in 
response to the impact prediction process. The single management action not related to a prediction was a 
commitment by the proponent to keep the general public informed of procedures relating to the development 
of the Harding River Dam project by means of regular press and radio releases (i.e. management of the public 
consultation and review process itself for which no prediction would be expected). 
 
Most  of  the  environmental  management  actions  recorded  for  the  Harding  River  Dam  project  were 
commitments proposed by the proponent in the original ERMP (37 records or 79%). The single new action (2%) 
also originated with the proponent and has been reported on in the Harding River Dam EMP documents. Six of 
the management activities (13%) had their origin in EPA recommendations with a further two (4%) representing 
statements  made  by  the  EPA  in  the  text  of  their  report.  The  single  remaining  management  action  (2%) 
originated  from  other  State  Government  legislation  (the  Aboriginal  Heritage  Act  1972).  This  involved  a 
requirement for a consultant archaeologist to be engaged to report on sites of Aboriginal heritage that would be 
affected  by  the  project  prior  to  its  implementation.  As  was  evident  from  the  previous  discussion  on  the 
implementation of the proposed environmental management actions, the origin of environmental management 
actions had no bearing upon their implementation status as practically all actions were implemented in practice. 
 
The environmental management actions were classified in relation to the occurrence of potential impacts (Table 
5.9). There were three examples of proposed management actions that sought to avoid an impact outright (6%). 
These involved the siting of borrow pits upstream from the dam (not complied with in practice), the fencing of 
Aboriginal  sites  in  the  vicinity  of  the  dam  wall  during  the  construction  period  (i.e.  to  avoid  construction 
workers impacting on the site) and changes to the dam height to avoid reservoir waters being impounded 
behind a railway embankment. 
 
         
  Nature of Management Actions  No.  %   
         
  Avoidance of Impact  3  6   
  Initial Impact Minimisation  11  23   
  Ongoing Impact Minimisation  20  44   
  Rectification or Rehabilitation  10  21   
  Compensation  3  6   
         
  Total  47  100   
         
Table 5.9. Classification of the Nature of Management Actions for the Harding River Dam Project with Respect 
to Potential Environmental Impacts. 
 
The majority of environmental management actions sought to minimise an impact in some way (67%). A total of 
11 (23%) sought to initially minimise the occurrence of an impact. Examples include road and construction 
work siting to minimise the extent of cleared or disturbed land plus the archaeological investigations of sites of 
Aboriginal heritage. A further 20 environmental management actions (44%) sought to minimise the extent of an 
ongoing  impact.  Examples  here  include  the  removal  of  stock  from  the  catchment  area,  water  quality 
management in the reservoir including utilisation of water supply from the Harding River Dam whenever 
possible to minimise the draw on the Millstream aquifer and ongoing management of the recreation pool area 
including public education on the risk of disease. 
 
The  10  rectifying  environmental  management  actions  (21%)  mostly  related  to  the  rehabilitation  of  areas 
disturbed during construction activities but also included the installation of the aerator in the dam to break 
down stratification events (i.e. an ongoing rectification measure). The remaining three management actions (6%) 
were all compensatory measures. These involved the provision of new recreation facilities at the dam site to 
compensate for the loss of natural pools on the Harding River plus providing water supply to the town of 
Roebourne to compensate for the closure of the Roebourne aquifer. The latter was necessary due to reduced 
freshwater  river  inflows  resulting  from  dam  construction  which  subsequently  led  to  an  increase  in  aquifer 
salinity levels. 
 
Overall it can be seen that most of the environmental management actions established for the Harding River 
Dam project have adopted a pro-active approach to impact management by seeking to avoid or minimise the 
actual occurrence of environmental impacts. However, where impacts have been unavoidable, the proponent 
has implemented rectifying or compensatory measures to alleviate these. The following section examines the 
environmental monitoring programme for the project. 
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5.7  ENVIRONMENTAL MONITORING OF THE HARDING RIVER DAM PROJECT 
 
A  total  of  29  environmental  monitoring  records  were  identified  for  the  Harding  River  Dam  project.  In  the 
following discussion, these records are examined in terms of their environmental component and subject, origin 
of  monitoring,  relationship  with  identified  significant  issues,  relationship  with  environmental  management 
activities and the scientific rigour of the monitoring techniques used. 
 
The classification of monitoring records by environmental component and subject is shown in Table 5.10. It can 
be  seen  that  approximately  half  of  the  monitoring  records  related  to  each  of  the  physical  and  biological 
components of the environment (48% each). However, a single social component monitoring record (4%) was 
also identified. The specific subject classifications of these monitoring records are now examined. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  14  48   
    Physical Processes  2  (7%)       
    Water Quality  10  (35%)       
    Air Quality  1  (3%)       
    Landform/Soil  1  (3%)       
         
  Biological Component  14  48   
         
  Social Component (Human)  1  *4   
         
  Total  29  100   
         
Table 5.10 Environmental Component and Subject of Environmental Monitoring Records for the Harding River 
Dam Project. 
*Note:  For  convenience,  percentage  values  have  been  rounded  to  whole  numbers  which  creates  a  small 
discrepancy here. 
 
The two physical processes records (7%) refer to standard meteorological monitoring (eg. temperature, rainfall, 
evaporation etc.) undertaken at the dam site plus topographic surveys of the Millstream Delta based upon aerial 
photography. Water quality monitoring accounted for more than a third of the overall monitoring programme 
(10 records or 36%). These included various water quality parameters in the reservoir (eg. salinity, temperature, 
turbidity etc.), river flow gauging, groundwater and pool levels at Millstream and Roebourne groundwater 
aquifer levels and salinity. The single air quality record (3%) related to dust monitoring during construction 
activities. The single landform/soil monitoring record (3%) involved inspections of the newly created reservoir 
foreshore for evidence of wave induced soil erosion. 
 
The 14 biological monitoring records (48%) covered a range of specific parameters including: 
  the natural revegetation of construction site rehabilitation areas; 
  flora and fauna monitoring at Millstream; 
  composition of riverine vegetation bordering pools downstream from the dam (i.e. evidence of any stress 
due to water shortages); 
  presence of aquatic weeds in the reservoir; 
  mammal and waterbird usage of the reservoir; 
  dingo populations in the vicinity of the reservoir; and 
  changes to mangroves situated in the estuary of the Harding River. 
While this monitoring appears to be broad in scope, it should be recalled (from Section 5.4) that 18 impact 
predictions addressing the biological component of the environment could not be verified in practice. Most of 
these predictions addressed the potential impacts of the project on existing habitats and biota upstream from 
the dam (eg. riverine woodlands, birds, reptiles, fish etc.). In practice very little biological monitoring has been 
undertaken upstream from the dam. 
 
The  single  social  component  monitoring  record  ('human'  subject  category)  concerned  archaeological  and 
ethnographic surveys of sites of Aboriginal heritage in the vicinity of the reservoir. 
 
The origin of environmental monitoring records was examined with respect to their timing within the EIA 
process.  It  was  found  that  26  of  the  monitoring  records  (90%)  were  proposed  in  the  pre-decision  EIA 
documents. The three records (10%) that were not proposed at this time include the meteorological monitoring 
and reservoir water level and streamflow measurement. These are standard parameters to measure for water 
supply projects and presumably were not mentioned in EIA documents as they are more aligned with standard 
operational performance issues rather than environmental considerations. The third record not mentioned in 
pre-decision documentation involved dragonfly and damselfly distribution and abundance at Millstream (used   87 
as  indicators  of  biological  conditions).  This  particular  programme  was  proposed  in  the  initial  EMP  for 
Millstream (Dames & Moore 1984) and reported on in subsequent EMP documents. 
 
Of the overall 29 proposed monitoring records, only 23 (79%) were implemented in practice. The reasons why 
six proposed monitoring records were not implemented in practice are discussed here. Some of the proposals 
for monitoring were conditional. For example, the proponent committed to undertake dust monitoring during 
construction only if required to by the relevant authorities. Dust emissions were managed during construction 
and no complaints were received from the construction workers. Consequently, no need was identified for any 
monitoring. For other programmes that failed to be implemented, there is no obvious explanation available. For 
example, the proponent made a commitment to provide information on bird and mammal species that used the 
reservoir  and  its  surrounds  along  with  various  other  monitoring  commitments.  Some  of  the  proponent's 
commitments for environmental monitoring were reiterated by the EPA in their assessment report and they also 
proposed some new programmes. Perhaps the lack of EPA reiteration with respect to the proposed bird and 
mammal monitoring meant that it was not given priority by the proponent during project implementation and 
was  subsequently  ignored.  As  discussed  previously  in  Section  5.2.2,  the  EMP  reports  were  structured  to 
demonstrate compliance with EPA recommendations. It is apparent that some of the proponent's commitments 
in the original ERMP were not included in the summary tables at the beginning of the EMP documents (i.e. 
these tables do not list all of the 47 individual environmental management actions identified in this research). 
Having established the dual EMP process, there has been minimal recourse to the original ERMP. In other 
words, the EMP has become the tool for guiding ongoing management not the ERMP so any initial omissions 
would tend to be continued throughout the process.  
 
The monitoring records were examined with respect to the extent to which they addressed issues of significance 
identified for the Harding River Dam project (Table 5.1). Less than half (13 records or 45%) were directly related 
to significant issues, 11 records (38%) were indirectly related to significant issues and five records (17%) were 
not  related  at  all.  Overall  it  would  appear  that  the  monitoring  programme  has  not  specifically  targeted 
identified significant issues for the project. However, it is interesting to note that five of the six monitoring 
records not implemented in practice were either not related or only indirectly related to significant issues (i.e. 
the monitoring omissions have largely not been considered to be significant). The sixth, however, concerning 
the effect of the altered river regime created by the dam on the ecology of downstream pools was directly 
related to a significant issue. In practice the vegetation of downstream pools was monitored (a separate record) 
but this was not considered to represent a complete ecological examination (Pers. comm. B. Wark, WAWA, 11-
1-95). 
 
The environmental monitoring records were examined with respect to the environmental management actions 
for  the  Harding  River  Dam  project.  It  was  found  that  18  monitoring  records  (62%)  were  related  to 
environmental  management  activities  in  some  way.  A  single  record  (3%)  did  not  have  an  associated 
management action. This concerned the dragonfly and damselfly monitoring undertaken at Millstream. The 
remaining  10  monitoring  records  (35%)  did  not  require  any  associated  environmental  management  action. 
These include five of the six records that were not implemented in practice (the exception being the proposed 
dust monitoring for which active dust control measures were undertaken in practice). The remainder concerned 
monitoring of environmental parameters not related to significant issues (eg. meteorological monitoring) plus 
biological and water quality monitoring at Millstream. The latter has largely observed a gradual recovery in the 
natural environment at Millstream for which no further environmental management is warranted at this stage. 
 
The final examination of the environmental monitoring records was in terms of the scientific rigour of the 
individual programmes implemented (Table 5.11). Of the 23 records for which some sort of monitoring activity 
was carried out in practice, there were two examples (7% overall) of BACI monitoring. These involved the aerial 
photography surveys of estuarine mangroves plus groundwater and pool level monitoring downstream of the 
dam. There were seven examples (23%) of monitoring that utilised pre- and post-project data but without the 
use of control sites (i.e. 'before-after' monitoring only). This included all of the monitoring at Millstream plus the 
riverine vegetation monitoring downstream from the dam. In all cases, it was not possible to establish a control 
site  due  to  the  unique  circumstances  of  the  parameters  being  examined.  Parameters  subjected  to  regular 
measurement  (6  records  or  21%)  included  water  quality  in  the  reservoir,  meteorological  conditions  and 
arbovirus disease vector monitoring. The latter involves regular mosquito trapping and testing plus serological 
surveys of sentinel chickens. (The chickens are tended by the resident ranger at the dam site and are used as an 
early  warning  system  for  potential  disease  outbreak).  The  two  records  classified  as  receiving  'some 
measurement' (7%) were the dragonfly and damselfly surveys at Millstream and several surveys of vegetation 
in  the  reservoir  area  prior  to  inundation.  Finally,  observation  was  used  in  six  cases  (21%)  with  respect  to 
rehabilitation  progress,  reservoir  foreshore  erosion,  presence  of  aquatic  weeds  in  the  reservoir,  presence  of 
weeds and vermin in the catchment area and Aboriginal sites of archaeological or ethnographic significance. 
Overall,  it  would  appear  that  the  rigour  of  environmental  monitoring  has  been  appropriate  to  the  type  of 
parameters examined (i.e. it has not always been possible to establish control sites or have recourse to pre-
construction information). 
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  Monitoring Classification  No:  %   
         
  Before-After/Control-Impact (BACI)  2  7   
  Control or Before-After Only  7  23   
  Regular Measurement  6  21   
  Some Measurement  2  7   
  Observation Only  6  21   
  Not Applicable  6  21   
         
  Total  29  100   
         
Table 5.11. Classification of the Scientific Rigour of Monitoring for the Harding River Dam Project. 
 
Water quality and quantity issues have featured strongly in the preceding discussion of impact predictions, 
actual  environmental  impacts,  environmental  management  activities  and  environmental  monitoring  for  the 
project. This issue is central to both the purpose of the project (i.e. to establish a water supply) and to some of 
the key environmental issues (i.e. minimising the draw and consequent impacts on the Millstream aquifer and 
surrounds). In particular, the success of the project hinges on the ability of the Harding River Dam to provide a 
suitable water supply. The issues of water quality in the dam plus the height of the dam are discussed in detail 
in the following section. 
 
 
5.8  MANAGEMENT OF DAM HEIGHT AND WATER QUALITY FOR THE HARDING RIVER DAM 
PROJECT 
 
5.8.1  INTRODUCTION 
 
The purpose of this section is to examine two specific issues relevant to the Harding River Dam project. The first 
concerns the chosen height of the dam and consequent extent of land flooded when the dam reaches its full 
supply level. This issue has been selected for discussion due to the approach adopted by the proponent in 
dealing with this issue during the EIA process. The second issue concerns the water quality in the reservoir 
itself. The purpose of the conjunctive use water supply system was to utilise water from the Harding River Dam 
whenever possible and thereby minimise the draw from the Millstream aquifer borefield. Particular events and 
conditions  have  caused  the  water  quality  in  the  dam  to  deteriorate  below  acceptable  public  water  supply 
standards at times. The proponent's management response to this issue is therefore of interest and is discussed 
in some detail in the second part of the discussion. 
 
 
5.8.2  DAM HEIGHT AND EXTENT OF FLOODING 
 
The issue of the final wall height of the Harding River Dam concerned the potential impacts associated with 
inundation of an existing railway embankment in the upper reaches of the reservoir during flood conditions. 
The railway is used by CRRIA for transporting iron ore from their minesite to the port at Cape Lambert. 
 
In the ERMP, it was stated that the dam was intended to be constructed to a full supply level of RL 62.5. It was 
acknowledged  in  the  chapter  discussing  the  environmental  impacts  of  the  project  that  the  CRRIA  railway 
would be subject to inundation by major flood flows. The proponent then made the statement that: 
 
Negotiations are currently under way to arrange suitable alternatives for re-location or strengthening of the 
railway. (Dames & Moore 1982, p127). 
 
This section of the ERMP was acknowledged by the EPA in their report and recommendations on the project 
and the issue of possible immersion of the railway was identified as a significant issue for the project (Table 5.1). 
The EPA did not make a formal recommendation on the issue. However, the EPA did state that the proponent's 
should  ensure  that  water  would  not  be  impounded  on  the  western  (far)  side  of  the  railway  embankment 
(Department of Conservation and Environment 1982). 
 
In practice, it was determined that a full supply level in the vicinity of RL 60 would not unduly interfere with 
the  operation  of  the  railway  and  represented  less  than  a  5%  reduction  in  potential  storage  volume  of  the 
Harding River Dam. Consequently, this height was adopted for the dam in practice (Wark 1988). At this height, 
flood events may still result in inundation of land on the western side of the railway. However, the railway 
embankment itself cannot be overtopped and the existence of culverts through the embankment enables water 
to  pass  through  freely  according  to  the  height  of  the  reservoir  waters  (Pers.  Comm.  B.  Wark,  WAWA,  11 
January 1995). 
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On the surface, this would appear to be an example of successful planning during the pre-development stages 
of  EIA  resulting  in  the  avoidance  of  an  environmental  impact.  However,  other  evidence  suggests  that  the 
proponent  may  have  deliberately  manipulated  this  outcome  from  the  outset.  In  his  (independent)  detailed 
report on the Harding River Dam project, one of the senior engineers that worked for the proponent on the 
project noted the following with respect to the selection of the original proposed dam height in the ERMP: 
 
In fact, the full supply level had been set relatively high to allow some scope for reducing the storage size in 
the event that public reaction to the environmental impact suggested that a reduction in the storage size was 
desirable. (Wark 1988, p102). 
 
This statement suggests that the original proposal put forward in the ERMP was an ambit claim to allow for a 
preconceived "compromise" position to be negotiated (i.e. for the proponent to be seen to compromise on their 
original  proposal).  The  purpose  of  doing  this  would  presumably  be  to  generate  a  favourable  image  of  the 
proponent as a responsible and adaptive project manager in the view of the public. What this example does 
demonstrate is the political nature of EIA. The purpose of discussing this example is not to explore the political 
motivation behind it but rather simply to highlight that they it is not conducive with rational notions of EIA. 
 
 
5.8.3  WATER QUALITY IN THE HARDING RIVER DAM 
 
One issue that has had ongoing significance for project management and is central to the objectives of the 
project (i.e. to minimise draw on the Millstream aquifer) relates to the water quality in the reservoir. This issue 
is discussed in some detail here. A summarised account of the management of water quality in the Harding 
River Dam is published in Morrison-Saunders (1996c). 
 
During the public review period for the ERMP, the EPA received a number of comments that suggested that the 
Harding River was unsuitable as a surface water storage based on climatic and water quality considerations. 
The EPA acknowledged that the project area did not have all of the characteristics that would make it an ideal 
water storage site although it was favourable compared to other sites in the West Pilbara. However, the EPA 
considered this issue to be beyond the scope of the EIA process itself stating that: 
 
The Authority considers that the determination of water resource development strategies should be made by 
the appropriate water supply authority and that this defined strategy should then be the subject of detailed 
review. Therefore, the EPA has confined its Report to an assessment of the environmental consequences of the 
Harding Dam proposal. (Department of Conservation and Environment 1982b, p1) 
 
Hence, the scope of the EIA process was being determined right up to the decision-making process. Thereafter, 
the EPA limited their consideration of water quality in the proposed dam to the effects of relatively high salt 
levels  on  human  health.  In  practice  however,  the  water  quality  of  the  dam  has  dramatically  affected  the 
management and operation of the project and the conjunctive use of the Millstream aquifer. 
 
Maintenance and management of the Millstream pool and riverine ecosystem is determined largely by the use 
of the Harding River Dam water supply whenever possible. This is in turn affected by the quality of water 
available in the reservoir. The Harding River Dam was first brought into water supply service in 1985 and first 
reached  full  supply  level  in  1985.  Shortly  after  being  brought  into  service,  complaints  were  received  from 
consumers regarding unpleasant tastes and odours in the water. These problems were observed to occur when 
the reservoir experienced stratification over an extended period of time and disappeared when the reservoir 
underwent natural destratification (Rosich and McAuliffe 1993). 
 
Stratification  occurs  when  vertical  mixing  within  a  water  body  is  reduced  or  suppressed  resulting  in  the 
development  of  distinct  layers  within  the  water  column.  These  are  typically  indicated  by  significant  and 
persistent variations in temperature and dissolved oxygen concentrations between surface and deeper water 
layers. Thermal stratification is caused by solar warming of surface water layers which reduces the density of 
the water so that it continues to remain at or near the surface. In the absence of mixing, the cooler bottom waters 
maintain a higher density and remain at or near the bottom. For subtropical water bodies, such as the Harding 
River Dam, the overall higher water temperatures experienced (compared to other climatic regions) means 
there is a greater potential for thermal stratification to occur due to the greater rate of change in the density of 
water (Rosich and McAuliffe 1993). 
 
The  periods  of  strongest  stratification  in  the  reservoir  occur  during  the  hottest  months.  Due  to  its  relative 
shallowness the reservoir can both stratify and destratify very quickly (in times as short as 24 hours). Persistent 
stratification leads to a decrease in dissolved oxygen concentrations in the bottom waters. This in turn may lead 
to reduced water quality due to the release of various components from the sediments into the bottom waters. 
Phosphorus and metals (especially iron and manganese) are released into the water column under low oxygen 
conditions. These can contribute to increased algal growth and increased levels of turbidity, colour, odour and 
taste (Rosich and McAuliffe 1993). When stratification does break down (i.e. the water column becomes evenly 
mixed), the contaminated bottom waters can effect the overall water quality within the reservoir. 
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Natural destratification in the Harding River Dam occurs as a result of temperature changes associated with the 
onset  of  the  cooler  months  of  the  year  and  from  intense  rainfall  events  leading  to  massive  inflows  to  the 
reservoir. The reservoir can also be artificially destratified by aerating the bottom waters. Aeration was first 
undertaken in 1986 at a site near the offtake tower and was found to eliminate the problems experienced with 
unpleasant  odours  and  taste.  Aeration  has  been  undertaken  almost  continuously  since  then.  The  aerator 
consists of a 400m long pipe suspended off the bottom with air being delivered through 100 evenly spaced 
1.58mm diameter holes (Rosich and McAuliffe 1993).  
 
Other  water  quality  problems  are  experienced  from  excessive  turbidity  immediately  following  flood  flow 
events into the reservoir. This requires the supply to be switched to the Millstream aquifer for a minimum of 
two weeks to enable settling to occur (WAWA 1992a). During this settling period and also during periods of 
turbidity caused by the large scale turn-over of stratified waters, the aerator is shut down as it was found 
previously that this extended the turbidity problem (Rosich and McAuliffe 1993). 
 
Apart from the use of the aerator, in order to maintain water supply to the West Pilbara region, water is drawn 
from the Millstream borefield during periods of poor water quality in the reservoir. While this conjunctive 
water supply scheme was an intended component of the overall project in view of the highly variable seasonal 
rainfall  that  occurs  in  the  region  (i.e.  it  was  anticipated  that  the  dam  may  be  empty  during  extended  dry 
periods),  the  dependence  on  the  Millstream  aquifer  has  been  greater  than  predicted.  However,  the  overall 
demand placed on the Millstream aquifer has been reduced and groundwater levels have gradually recovered 
since the Harding Dam was commissioned (WAWA 1995). This outcome is partly a result of the use of water 
from  the  Harding  River  Dam  for  most  of  the  year  but  is  also  related  to  the  implementation  of  water 
conservation measures in the West Pilbara region (consistent with a recommendation of the EPA during the 
EIA process) and minimal population growth. An ongoing public education programme on water conservation 
has led to a marked reduction in average water usage per person in the region. The estimated population 
increases predicted in the ERMP have not occurred due to the closure of a major mining project in the region 
and slower than expected economic and industrial development. At the time of this research, the conjunctive 
use  water  supply  scheme  was  operating  well  below  its  design  capacity.  Hence  while  a  satisfactory 
environmental performance had been achieved by the project at the time of audit with respect to water supply 
issues (i.e. overall improvements to the groundwater level and environment at Millstream), project managers 
are aware that these circumstances may change as a result of increasing demands for water supply to service 
new industries or increased population growth rates in the future (Pers. Comm. P. Roberts, WAWA, 9 June 
1995). 
 
This  example  demonstrates  how  independent  and  complex  factors  can  interact  to  affect  the  ultimate 
environmental performance of a project. It is important when undertaking an audit of a project, to carefully 
document all of the major factors that can influence actual project outcomes. The following discussion examines 
the relationship between EIA and environmental management for the Harding River Dam project. 
 
 
5.9  THE  INFLUENCE  OF  EIA  ON  ENVIRONMENTAL  MANAGEMENT  FOR  THE  HARDING 
RIVER DAM PROJECT 
 
In this section, the extent to which the EIA process has influenced environmental management activities for this 
case study is examined. Consideration is given to when this influence occurred and how it came about. 
 
 
5.9.1  DID THE EIA PROCESS INFLUENCE ENVIRONMENTAL MANAGEMENT OF THE HARDING 
RIVER DAM PROJECT? 
 
In the discussion of database findings, many examples of the influence of EIA on environmental management 
activities for the Harding River Dam project have been identified. In summary, some of these include: 
  the implementation of environmental management actions during project construction successfully avoided 
the occurrence of 8% of predicted impacts; 
  the EIA process established a dual EMP process to manage the two major components of the project; 
  the vast majority of management actions proposed in EIA documents were implemented in practice (90%); 
  nearly  all  environmental  management  activities  (98%)  were  related  to  impact  predictions  in  some  way, 
suggesting  that  proposed  management  activities  were  devised  with  reference  to  the  identification  of 
potential impacts; 
  most  environmental  management  actions  sought  to  minimise  the  occurrence  or  extent  of  impacts.  For 
impacts  that  were  unavoidable,  rectifying  measures  were  undertaken  including  the  payment  of 
compensation in some cases; 
  most  environmental  monitoring  activities  were  related  to  significant  issues  and  had  environmental 
management actions associated with them; and 
  management  of  water  quality  in  the  dam  has  been  ongoing  and  adaptive  in  order  to  meet  the  overall 
objective of the project to maximise the supply of water drawn from the dam and minimise the draw on the 
Millstream aquifer.   91 
 
These  examples  indicate  that  the  EIA  process  has  exerted  a  considerable  influence  on  environmental 
management activities for this case study. 
 
 
5.9.2  WHEN DID THE INFLUENCE OF EIA ON ENVIRONMENTAL MANAGEMENT OCCUR FOR 
THE HARDING RIVER DAM? 
 
The proportion of environmental management and monitoring activities falling into each of the pre-decision, 
post-decision and transitional stages of EIA is depicted in Figure 5.2. These are addressed in turn. 
 
The vast majority of the 47 environmental management activities recorded for the Harding River Dam project 
(41 or 87%) fell into the pre-decision category. This included all but one of the EPA recommendations on the 
project and the remainder were proponent commitments. 
 
Five  transitional  activities  (11%)  were  recorded.  One  of  these  was  a  proponent  commitment  to  establish  a 
management  programme  for  the  Millstream  area.  This  was  subsequently  reinforced  by  an  EPA 
recommendation  outlining  specific  aspects  of  the  environment  that  the  management  programme  should 
address. The remaining three transitional activities were all proponent commitments in which management 
objectives  were  established,  with  the  details  of  the  activities  to  be  determined  later.  These  related  to 
management of water quality in the dam supply with respect to public health standards, management of the 
Roebourne  aquifer  and  engaging  the  services  of  a  consultant  archaeologist  to  undertake  further  work  on 
Aboriginal heritage in the project area.  
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Figure 5.2. Origin of Environmental Management and Monitoring Activities for the Harding River Dam Project 
With Respect to the Principal Decision Point. 
 
A single post-decision environmental management action (2%) was recorded. This concerned the positioning of 
the aerator near the offtake tower in the dam to break down stratification in order to improve water quality. 
 
The proportion of environmental monitoring activities falling into each of the pre-decision, post-decision and 
transitional stages of EIA was considerably different. Thirteen records (45%) fell into the pre-decision category. 
Examples  of  these  include  a  survey  of  the  vegetation  characteristics  of  the  reservoir  area,  dust  monitoring 
during construction, inspections of rehabilitation areas, inspections of the reservoir foreshore for erosion and 
monitoring of water table levels in the vicinity of Pinanular Pool downstream from the dam. 
 
An equal number of transitional monitoring activities (13 or 45%) were also recorded. These include proponent 
several commitments and an EPA recommendation concerning specific water monitoring parameters associated 
with the Millstream aquifer and an EPA recommendation for a monitoring programme to be established by the 
proponent  to  determine  the  effect  of  the  Harding  River  Dam  on  downstream  ecology.  These  activities,  in 
conjunction  with  similar  environmental  management  commitments  and  recommendations  mentioned 
previously, established the dual EMP process for project. Other transitional activities included monitoring of 
the Roebourne aquifer and mangrove communities downstream from the dam, weed and dingo populations in 
the catchment area and mosquito sampling as part of arbovirus disease monitoring. In each case, the objectives 
of the monitoring programmes were established in the pre-decision EIA documentation with the details of how 
and when the monitoring would be undertaken not being established.   92 
 
The remaining three monitoring records (10%) were classified in the post-decision category because they were 
not discussed in the pre-decision EIA documents. Two of these, relating to the collection of climatic data and 
measurement of reservoir water levels and streamflow, are standard undertakings for a water supply project. 
Hence, they are not considered to be reflective of adaptive management or monitoring in this instance. The 
third post-decision, however, is an example of ongoing modifications to environmental monitoring. It concerns 
the monitoring of biological parameters at Millstream (dragonfly and damselfly distribution and abundance) 
which was first identified in the Millstream EMP. 
 
Overall, the pre-decision stage of EIA has made the greatest contribution to the Harding River Dam project, 
especially with respect to environmental management activities. While the use of the more flexible transitional 
approach  to  environmental  management  has  also  occurred,  this  was  far  more  evident  for  the  monitoring 
activities. 
 
 
5.9.3  HOW DID THE ENVIRONMENTAL MANAGEMENT ACTIVITIES FOR THE HARDING RIVER 
DAM PROJECT COME ABOUT? 
 
The following discussion explores the origin of environmental management activities for the Harding River 
Dam project. Consideration is given to the influence of external pressures, internal reform and rational EIA. 
 
With respect to external influences on the project, the proponent has taken public interests and pressures into 
account. A wide publicity programme was implemented early on in regional water resource planning activities 
in order to identify a socially acceptable water supply option. Furthermore, there is evidence that the EPA 
adopted  some  of  the  suggestions  made  in  public  submissions  on  the  ERMP  in  determining  some  of  the 
environmental management actions for the project. An example of this concerned the recommendation that the 
proponent only use native species in rehabilitation plantings at the dam site. Certain aspects of the project have 
been  managed  in  accordance  with  other  external  requirements.  Examples  of  this  include  the  treatment  of 
Aboriginal  sites  in  accordance  with  the  requirements  of  the  Aboriginal  Heritage  Act  1972,  water  treatment 
standards and management of arbovirus disease risk. Finally, the proponent has been responsive to public 
concerns over water quality issues by installing the aerator to break down stratification in the reservoir and 
switching the supply over to the Millstream aquifer whenever water quality in the reservoir has unpleasant 
tastes,  odours  or  turbidity.  Collectively,  these  examples  suggest  that  environmental  management  of  the 
Harding River Dam project has been significantly influenced by external pressures. 
 
Evidence  of  internal  influences  are  more  difficult  to  identify.  The  proponent  would  appear  to  have  taken 
considerable internal responsibility for the environmental performance of the project. This is evidenced by the 
extensive water supply options investigated prior to the selection of the Harding River Dam as the preferred 
alternative.  In  reporting  on  the  management  of  the  project,  the  proponent  has  provided  a  clear  account  of 
management  activities  that  have  been  undertaken  and  those  not  yet  adequately  addressed.  Finally,  annual 
reporting is now undertaken by the proponent where environmental consultants were previously used, which 
implies that the proponent has developed its own expertise in this area. 
 
The process of selection of the Harding River Dam as the preferred alternative is a good example of a rational 
approach to EIA. Numerous options were investigated and the optimum option with respect to environmental 
impacts, water yield and construction costs was selected. The implementation of the project has also proceeded 
in a rational way. A high level of post-decision implementation of environmental management and monitoring 
programmes was achieved in accordance with the pre-decision planning process. As particular environmental 
issues have become resolved (eg. management of construction stage impacts), management and monitoring 
effort has been focussed on other issues. This is clearly indicated by the reporting structure adopted in the 
annual and triennial monitoring reports. Hence, it would appear that rational processes have influenced the 
management and operation of the project. 
 
In conclusion, a variety of EIA influences on project outcomes and environmental performance are in evidence 
for  the  Harding  River  Dam  project.  Overall,  the  greatest  number  of  specific  management  activities  were 
initiated  during  the  pre-decision  stage  of  EIA.  The  transitional  stage  also  made  an  important  contribution, 
particularly by establishing the dual EMP process for the dam and Millstream components of the project. There 
is clear evidence of the influence of external pressures and rational processes on the project as well as some 
suggestion of internal reform taking place. 
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Chapter 6  BIG BROOK DAM 
 
6.1  INTRODUCTION 
 
This case study involves a relatively small water supply dam. Discussion commences with a description of the 
project and the EIA process that it was subjected to. The list of significant issues identified during the EIA 
process are then identified. The following four sections discuss the project in light of some of the database 
findings for this case study. This is followed by a section discussing the management of a particularly important 
environmental issue for the project relating to the passage of lampreys around the dam. The chapter concludes 
with discussion on the relationship between EIA and environmental management for the project. 
 
 
6.2  PROJECT OUTLINE AND EIA PROCESS FOR BIG BROOK DAM 
 
The Big Brook Dam is located approximately 250km south of Perth and 6.4km north of the town of Pemberton 
in  Big  Brook  State  Forest  (Figure  6.1).  The  Pemberton  region  experiences  a  temperate  climate  with 
predominantly winter rainfall and is characterised by stands of karri forest and areas of farmland. Big Brook is a 
short fourth order stream formed by the confluence of Four Mile Brook and Five Mile Brook. It is a tributary of 
Lefroy Brook and has a catchment of 115 km2. The Big Brook Dam was constructed to provide an unrestricted 
water supply to the Pemberton Trout Hatchery and to supplement the Pemberton town water supply. The dam 
itself is a 7m high earth and concrete embankment and creates a reservoir with 630,000m3 storage capacity 
(WAWA  1989).  The  Big  Brook  State  Forest  is  managed  by  the  Department  of  Conservation  and  Land 
Management  (CALM).  Land  use  management  priority  is  allocated  to  water  production  with  compatible 
secondary uses for wood production and recreation (WAWA 1989).  
 
The  Pemberton  Trout  Hatchery  was  established  immediately  adjacent  to  Lefroy  Brook  in  1952  with  water 
supply being provided through an off-take from Pemberton Weir (located on Lefroy Brook several kilometres 
downstream from the Big Brook dam site). The hatchery, which breeds both brown and rainbow trout, supplies 
commercial and private buyers with trout eggs and fry and is also responsible for stocking freshwater rivers 
and dams in the south-west of Western Australia for local and tourist anglers. The breeding tanks and ponds of 
the hatchery are also a major tourist attraction in the Pemberton area (Dames & Moore 1985a). 
 
For successful trout breeding, the hatchery requires a high standard of water quality, with temperatures below 
21oC and high oxygen levels. Water supply problems were experienced at the hatchery from the early 1960's, 
with summer water shortages causing the hatchery to operate regularly on a very reduced supply, with the 
occasional loss of the majority of trout stocks (Dames & Moore, 1985a). The Pemberton Weir is only a low 
structure  (<4m)  which  alone  is  not  capable  of  storing  high  quantities  of  water  to  ensure  supply  through 
extended dry periods in summer and the shallow nature of the supply means that temperatures can easily 
exceed critical levels for hatchery use. Prior to construction of the Big Brook Dam, sandbagging had been used 
for at least 15 years to increase storage in the weir (Dames & Moore 1985a). 
 
In 1984 the Public Works Department, which subsequently became the Water Authority of Western Australia 
and more recently the Water Corporation, undertook an assessment of the Pemberton trout hatchery and town 
water supply requirements including a review of supply options. The review confirmed that the Pemberton 
Weir was inadequate and a new water supply was proposed on Big Brook (upstream from the hatchery). The 
EPA required the proposal to be assessed by means of a Public Environmental Report (Dames & Moore 1985a) 
which was released for a six week public review period in 1985. The PER was assessed by the EPA in the same 
year (under the provisions of the Environmental Protection Act 1971) and approval given to proceed with the 
project (EPA 1985). The dam was subsequently constructed in 1986. 
 
The Big Brook Dam has sufficient storage to meet the water needs of the hatchery throughout the year. Water 
supply for the hatchery and the Pemberton town water supply continues to be drawn from Pemberton Weir 
directly.  The  Big  Brook  dam  itself  overflows  for  most  of  the  year  hence  ensuring  flow  to  the  downstream 
Pemberton Weir. During dry months, when the dam no longer overtops, a floating off-take is used to release 
water immediately downstream from the dam, which subsequently flows via Big Brook into Lefroy Brook and 
into the Pemberton Weir. The flow rate from Big Brook Dam is managed so as to maintain a small overtopping 
of the Pemberton Weir once the hatchery and town water supply needs have been met (Pers. Comm. T. Proust, 
WAWA, 18 November 1994). Since commissioning of the dam, there have been no problems experienced with 
either water quality or quantity by the hatchery (Pers. Comm. T. Church, Department of Fisheries, 18 November 
1994). Hence the project objectives have been satisfied.   94 
 
Figure 6.1 Location of the Big Brook Dam   95 
The following section describes the list of significant environmental issues identified for the dam project. 
 
 
6.3  SIGNIFICANT ENVIRONMENTAL ISSUES FOR BIG BROOK DAM 
 
The significant environmental issues identified by the EPA in their assessment report on the Big Brook Dam 
project are listed in Table 6.1. It can be seen from the table that most issues relate to the potential adverse effects 
of the dam on the flora and fauna of the stream system and on recreational users of the Big Brook State Forest. 
Compared to the other projects examined in this research, the list of significant issues is relatively small and 
focussed. Issues typically associated with the construction of large engineering projects such as noise emissions, 
dust generation, vibration, etc. are not mentioned. This is probably a reflection of the relative isolation of the Big 
Brook Dam site with respect to the nearest local dwellings and communities. The list of issues has focussed on 
the uses of the project site, i.e. as wildlife habitat and for recreational pursuits. 
 
     
  BIG BROOK DAM 
Significant Environmental Issues 
 
 
  Explicit Issues in EPA Bulletin 226   
    Monitoring of effect on migratory aquatic fauna and effectiveness of 
remedial measures. 
 
    Effect of existing Pemberton Weir on upstream fish migration (fish trap 
option). 
 
    Recreation activities on and adjacent to the dam.   
    Interruption of upstream migration of fish and lampreys.   
     
  Additional Issues Mentioned in EPA Bulletin    
    Sourcing  of  construction  materials  (to  be  obtained  within  reservoir 
area). 
 
    Clearing of vegetation for dam construction.   
    Effect on tourist use of Rainbow Trail (during construction).   
    Effect on downstream fauna and flora.   
    Effect of reduced flows resulting from upstream irrigation demands.   
    Inundation of sections of Rainbow Trail and Bibbulmun Track (tourist 
and recreation trails). 
 
     
Table 6.1. Significant Environmental Issues Identified for the Big Brook Dam Project. Source: (EPA 1985) 
 
The following four sections (6.4 - 6.7) discuss the project findings with reference to the database entries for this 
case study, commencing with the impact predictions. 
 
 
6.4  EIA IMPACT PREDICTIONS FOR BIG BROOK DAM 
 
A total of 33 discrete impact predictions were identified in the combined PER and EPA documents for the Big 
Brook  Dam  project.  In  the  following  discussion,  the  predictions  are  examined  in  terms  of  environmental 
component and subject, impact significance, the manner in which impacts were predicted, the relationship with 
environmental management, the occurrence of predicted impacts and the avoidance of predicted impacts. Data 
contained within tables are expressed as both total record numbers and as percentages (rounded off to the 
nearest whole number). 
 
With  respect  to  environmental  component  and  subject,  one  third  of  predictions  addressed  the  physical 
component  of  the  environment  (Table  6.2).  These  largely  related  to  water  quality  in  the  reservoir  and  in 
Pemberton  Weir  with  respect  to  the  needs  of  the  trout  hatchery.  The  relatively  large  number  of  physical 
processes predictions concerned impacts of the dam on stream flows in Big Brook, again largely with respect to 
the hatchery requirements. As might be expected for this type of project, there were no predictions relating to 
air quality issues. Predictions addressing the biological component of the environment accounted for nearly one 
half of recorded predictions. These related to the impacts of dam construction and inundation on existing flora 
and fauna along Big Brook, the colonisation of the reservoir by aquatic biota and the effect of altered stream 
flows on downstream flora. The social component predictions were dominated by recreational issues including 
inundation of sections of two recreational/tourist trails, temporary amenity impacts during dam construction 
and provision of new recreation opportunities arising from the project. Despite the direct relationship between 
the project and the Pemberton Trout Hatchery, there were no predictions expressed in economic terms (eg. 
financial aspects of the proposal relating to the continuing role of the hatchery for both fish breeding and 
tourism). 
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  Component and Subject  No.  %   
         
  Physical Component  11  33   
    Physical Processes  4  (12%)       
    Water Quality  5  (15%)       
    Landform/Soil  2  (6%)       
         
  Biological Component  14  43   
         
  Social Component    8  24   
    Human  2  (6%)       
    Recreation  6  (18%)       
         
  Total  33  100   
         
Table 6.2 Environmental Component and Subject of Predicted Impacts for Big Brook Dam. 
 
The impact predictions covered a wide variety of issues which often extended beyond those identified in Table 
6.1. Only 15% of predictions were directly related to significant issues while some 27% were indirectly related. 
These predictions canvassed all of the identified significant issues in some form. The remaining 58% of impact 
predictions were not related to issues of significance. Examples of these included several specific water quality 
predictions relating to the objective of the project as a reliable water supply for the Pemberton Trout Hatchery 
and several others concerning colonisation of the reservoir water body by plant and animal species. 
 
With  respect  to  the  manner  in  which  impacts  were  addressed,  some  33%  (11)  of  the  Big  Brook  impact 
predictions were expressed in general terms only. All of these statements were found to relate to specific project 
design components and were classified as general identification as they focussed on design elements with only 
indirect reference to potential environmental changes. For example, a paragraph in the PER discussing the 
water quality needs of the trout hatchery ends with the following statement: 
 
The  Big  Brook  storage  upstream  of  the  Pemberton  Weir,  will  operate  by  releasing  water  to  the  Weir, 
permitting water levels to be kept high and avoiding stagnant water conditions. (Dames & Moore 1985a, p4). 
 
This statement indicates how it is intended that the dam will affect water quality and quantity in Pemberton 
Weir although it does not formally predict this. It is possible to audit such a statement and compare the post-
development environment with the predicted state. In practice this statement was found to be accurate, with a 
good quality and reliable water supply being available in Pemberton Weir for the trout hatchery throughout the 
year. From this example it can be seen that this statement of general impact identification had a corresponding 
impact related to it. Overall four of the general impact identification statements (12% of all impact prediction 
records) were found to have observed environmental impacts associated with them. 
 
Four impact predictions (12%) were expressed in quantitative terms. These all discussed aspects of the project 
relating  directly  to  its  design  size  (eg.  area  of  existing  vegetation  to  be  flooded  by  the  reservoir,  length  of 
existing tourist trails to be inundated and daily volume of water to be supplied from the project to the trout 
hatchery). These all represent inevitable consequences of the project development. Of the remaining qualitative 
predictions, three (9%) were expressed in precise terms and the majority (26 or 79%) were expressed in vague 
terms only. 
 
Overall approximately half of the Big Brook impact predictions (16 records or 48%) related to an associated 
environmental management action in some way. Vague qualitative predictions and those that only generally 
identified issues were just as likely to have some sort of environmental management action associated with 
them.  Most  of  the  predictions  of  direct  issue  significance  did  have  related  management  actions.  However, 
predictions not related to issues of significance were just as likely to have corresponding management actions as 
not. 
 
An impact occurred for approximately half (17 records or 52%) of the Big Brook impact predictions. There was 
no  information  available  to  determine  whether  or  not  an  impact  had  occurred  for  seven  (21%)  of  the 
predictions.  All  of  these  predictions  concerned  the  biological  component  of  the  environment  and  involved 
impacts on fauna. Several of these related to the colonisation of the reservoir by aquatic fauna including use of 
the  reservoir  and  shoreline  by  waterbirds.  Others  considered  the  impact  on  terrestrial  fauna  within  the 
proposed  reservoir  area  and  the  effects  of  altered  downstream  flows  on  riverine  fauna.  Consequently,  this 
overall finding highlights the lack of biological monitoring for the project. While some fauna monitoring was 
undertaken with respect to fish and lamprey species in Big Brook (discussed further in Section 6.8), this is 
clearly a short-falling in the EIA process for this project with respect to prediction verification. However, an 
examination of the significance of these predicted impacts revealed that only one of these unverified predictions 
related directly to an important issue with the remainder not being related to issues of importance to the EPA at 
all.   97 
 
Of the remaining nine predictions (27%) for which no impact was recorded, five related to impacts that were 
accurately predicted not to occur. These were all potential adverse impacts often associated with reservoirs (eg. 
temperature stratification in the water column and exposure of the reservoir bed during summer). They were 
not expected to happen due to the size and design of the project, and this was subsequently verified. 
 
Two other predicted potential impacts were avoided through the implementation of management actions. In 
the first case, potential conflicts with tourists during construction utilising the self-drive Rainbow Trail through 
Big Brook State Forest were avoided by closing a small section and providing an alternative route. In the second 
case, potential impacts on flora and fauna outside of the immediate dam site area were avoided by: 
  establishing borrow pits for basic raw materials needed for dam construction within the reservoir storage 
area; 
  minimising the number and extent of logging tracks for timber extraction from the reservoir area; 
  removal of temporary buildings, refuse and hardstand material following construction; and 
  rehabilitation of cleared land adjacent to the dam wall following construction. 
These examples indicate that the EIA process did influence environmental management activities for the Big 
Brook project (i.e. to minimise the extent of some impacts and avoid the occurrence of potential impacts beyond 
the scope of the inevitable consequences of project implementation). 
 
The remaining two predicted impacts that did not occur were attributed to other reasons. Both predictions 
concerned the effect of changes to flow rates in Big Brook downstream from the dam. Both predictions were 
partly inaccurate in that the predicted events did not occur and this was due to other factors (i.e. water releases 
from the floating offtake during summer and influences of groundwater flows). 
 
 
6.5  RECORDED IMPACTS FOR BIG BROOK DAM 
 
A total of 10 environmental impacts were recorded for the Big Brook Dam project. In the following discussion, 
these  impacts  are  examined  in  terms  of  their  environmental  component  and  subject,  manner  of  impact 
determination, their perceived significance, predictive accuracy and environmental management response. 
 
The environmental component and subject of the recorded impacts is shown in Table 6.3. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  2  20   
    Physical Processes  1  (10%)       
    Water Quality  1  (10%)       
         
  Biological Component  5  50   
         
  Social Component  (Recreation)  3  30   
         
  Total  10  100   
         
Table 6.3 Environmental Component and Subject of Recorded Impacts for Big Brook Dam. 
 
The  two  impacts  (20%)  on  the  physical  component  of  the  environment  reflect  the  changes  to  stream  flow 
downstream from the project and the improved water quality in Pemberton Weir available to the Pemberton 
trout hatchery. Five of the impacts (50%) concerned the biological component of the environment. Given that 
there was no information available to verify seven impact predictions concerning the biological component of 
the  environment,  it  is  possible  that  other  biological  impacts  may  also  have  occurred  which  have  not  been 
detected. The absence of impacts on the human sub-category of the social environment is a reflection of the 
relatively isolated nature of the project with respect to the nearest town and/or dwelling. Instead, the three 
social impacts (30%) all concern changes to recreational opportunities in Big Brook State Forest in the vicinity of 
the reservoir. 
 
None of the impacts were detected by scientifically rigorous monitoring techniques. Exactly half were detected 
by observation only and half were inevitable consequences of project implementation. This does not mean, 
however, that formal environmental monitoring programmes extending beyond simple observation were not 
implemented as is discussed further in Section 6.6. 
 
All of the impacts were addressed by the impact predictions in some way. Hence, none of the recorded impacts 
represented new issues not previously identified during the pre-development stages of EIA. In terms of issue 
significance, half represented significant issues and half represented non-significant issues. 
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In addition to identifying all impacts in impact predictions in some way, a high level of predictive success was 
recorded. Eight of the impacts (80%) were accurately predicted and only two impacts (20%) were inaccurately 
predicted. The first of these related to the migration of lampreys up Big Brook, an issue that is discussed in 
detail in Section 6.8. The second related to the functioning of a fish trap incorporated into the dam wall which 
did  not  perform  as  expected.  Fish  initially  were  not  attracted  to  the  trap  and  its  design  was  subsequently 
amended  (WAWA  1989).  However,  the  fish  trap  still  failed  to  attract  significant  numbers  of  fish  and  has 
subsequently been abandoned (Pers. Comm. J. Kite, WAWA 31 October 1994). 
 
In  both  of  these  cases,  the  impact  on  the  environment  was  worse  than  expected  in  the  original  impact 
predictions and resulted from the failure of proposed environmental management strategies (poor design). A 
third impact that was worse than expected (i.e. 30% overall were worse than expected) concerned an outbreak 
of aquatic weed growth (Typha spp.) in the reservoir during the early years of operation. This impact was 
accurately  predicted  to  occur  though,  in  as  much  as  a  general  prediction  identifying  the  potential  for  the 
reservoir  to  present  opportunities  for  the  introduction  and  spread  of  aquatic  weeds  was  made  in  the  PER 
document. 
 
Only one impact was better than expected in the original impact predictions and this related to the recreational 
use of the reservoir and environs. The EIA predictions focussed on negative impacts of the dam on existing 
recreational uses of the Big Brook State Forest (eg. loss of forest and riverine vegetation in the area inundated by 
the reservoir and impact on the Rainbow Trail and Bibbulmun Track). Further, in the PER, it was stated that the 
dam and reservoir would not be gazetted as a recreational facility, although the surrounds would be available 
for passive recreation (Dames & Moore 1985a. In their assessment report the EPA indicated that a number of 
public  submissions  had  been  received  requesting  that  recreation  be  permitted  both  adjacent  to  and  on  the 
proposed reservoir. This was seen as a possibility by the EPA since the Big Brook Dam would not be used 
directly for potable water supplies as these would continue to be drawn from the Pemberton Weir. In addition, 
the EPA noted that the issue of recreation on reservoirs and catchments in Western Australia was currently 
under  consideration  by  the  Western  Australian  Water  Resources  Council  (EPA  1985).  This  Council  had 
expressed general approval of the concept providing that carefully prepared individual management plans for 
recreation on water supply reservoirs and their catchments were established. This view point was supported by 
the EPA. Subsequently, the EPA recommended that a recreation management plan be prepared for the dam site 
by the proponent (EPA 1985). During preparation of the recreation management plan for the Big Brook area 
(WAWA 1989), it was decided to allow active recreational use of the dam (eg. canoeing, fishing, swimming etc.). 
Also new recreational facilities, not previously available in that part of Big Brook State Forest, were provided 
adjacent  to  the  reservoir.  These  included  carparks,  barbeques,  walk  paths,  information  boards  and  toilets 
(WAWA 1989). By managing the potential adverse impacts on recreation during dam construction (as discussed 
previously  in  Section  6.4)  and  providing  new  recreational  opportunities,  the  outcome  has  been  better  than 
originally expected. 
 
Six of the impacts (60%) were the same as predicted and most of these were inevitable consequences of the 
project (eg. inundation of 15ha of former karri forest and riverine habitat by the reservoir). Only one impact was 
the same as predicted due to planned project or environmental management. This relates to the improved water 
quality and quantity now available to the Pemberton trout hatchery during summer months. This is achieved 
by the project managers ensuring that the floating off-take provides ongoing water releases from the dam. 
 
Six impacts (60%) did not require a management response. This was because these impacts related to either the 
inevitable  outcomes  of  project  implementation  (eg.  changes  to  natural  habitat)  or  project  objectives  (eg. 
improved water supply). The response to the remaining four impacts (40%) were all classified as rectification. 
Two of these, loss of original sections of the Rainbow Trail and Bibbulmun Track and an outbreak of Typha in 
the  reservoir,  were  accurately  predicted  to  occur.  The  other  two,  relating  to  impacts  on  fish  and  lamprey 
migration,  were  inaccurately  predicted.  Apart  from  the  Typha  outbreak,  management  actions  had  been 
proposed for each of these potential impacts during the pre-decision stages of EIA. Hence, project managers 
were alerted to these impacts in advance. 
 
Management has been ongoing for 60% of the impacts. In addition to the four impacts discussed in the previous 
paragraph, this includes the ongoing management and maintenance of recreational facilities at Big Brook Dam 
and ongoing downstream summer water releases to the trout hatchery. The remaining impacts that did not 
require  ongoing  management  all  relate  to  inevitable  changes  to  the  environment  resulting  from  project 
implementation  (eg.  the  formation  of  new  wetland  habitat  in  the  upstream  portion  of  the  reservoir)  or 
temporary impacts during the construction phase. 
 
Overall,  there  have  been  no  known  impacts  requiring  some  sort  of  attention  that  have  not  received  a 
management response. Hence, the EIA process would appear to have been successful in ensuring appropriate 
environmental management actions were implemented with respect to the occurrence of project impacts. The 
following section looks at the overall environmental management programme for the Big Brook Dam. 
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6.6  ENVIRONMENTAL MANAGEMENT OF BIG BROOK DAM 
 
A total of 16 discrete environmental management records were identified for the Big Brook Dam project. In the 
following  discussion,  these  records  are  examined  with  respect  to  environmental  component  and  subject, 
implementation  rate,  relationship  with  impact  predictions,  origin  of  environmental  management  and 
classification with respect to potential impacts. 
 
The focus of management records in terms of environmental component (Table 6.4) is almost identical to that 
noted for the impact predictions (Table 6.2) and similar to the recorded impacts (Table 6.3). Hence the emphasis 
here has also been on the biological component of the environment. The management records cover a range of 
biological issues largely dominated by the management of migratory fish and lampreys in Big Brook but also 
including re-vegetation of areas disturbed during construction and weed control measures. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  5  31   
    Physical Processes  1  (7%)       
    Water Quality  2  (12%)       
    Landform/Soil  2  (12%)       
         
  Biological Component  7  44   
         
  Social Component  (Recreation)  4  25   
         
  Total  16  100   
         
Table 6.4 Environmental Component and Subject of Management Records for Big Brook Dam. 
 
Within the physical component of the environment, the emphasis of management records was on landform/soil 
issues (eg. relating to construction earthworks) and water quality issues (relating to the provision of suitable 
quality  water  to  Pemberton  Weir).  The  social  component  management  records  exclusively  addressed 
recreational issues. 
 
A high level of implementation of proposed management actions was recorded (Table 6.5). 
 
         
  Was  Proposed  Management  Action 
Implemented? 
 
No. 
 
% 
 
         
  Total Yes Categories  12  76   
    Yes in Detail  9  (57%)       
    Yes in Part  2  (13%)       
    Yes in Effect  1  (6%)       
  No  1  6   
  No Information  1  6   
  New Action  2  12   
         
  Total  16  100   
         
Table 6.5 Implementation of Environmental Management Actions for Big Brook Dam. 
 
Only one management action (6%) proposed during the pre-development stage of EIA was not implemented in 
practice. This related to a recommendation by the EPA that stated the following: 
 
The EPA recommends that consideration be given by the Water Authority to the construction of a fish trap 
immediately below the existing Pemberton Weir. (EPA 1985, p7). 
 
It  was  envisaged  that  a  fish  trap  there  would  enhance  the  effectiveness  of  the  fish  trap  proposed  by  the 
proponent  on  Big  Brook  Dam  and  would  reduce  the  barrier  effect  of  the  Pemberton  Weir  (EPA  1985).  In 
practice, it was later determined that it was not possible to design a fish trap for this area due to the rocky 
nature of the stream bed. Following the failure of the Big Brook Dam fish trap, this proposal was abandoned 
(Pers. Comm. J. Kite, WAWA, 31 October 1994). In terms of proponent compliance, the EPA's recommendation 
was complied with in as much as investigation of the fish trap option by the proponent is consistent with the 
phrase  "consideration  be  given"  in  the  recommendation.  Here,  though,  the  emphasis  is  on  examining 
environmental management activities implemented in practice. 
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The single management record (6%) for which no information was available to determine the implementation 
status related to a statement by the proponent in the general text of the PER document which stated that: 
 
The operation of the Big Brook dam will be under the Department's [proponent's] jurisdiction. Appropriate 
water management will maintain continuous releases from Big Brook dam in summer to ensure that water 
levels in Pemberton Weir remain within 100mm of full supply level. Should the summer water quality in 
Pemberton Weir deteriorate, the Department will arrange for suitable larger releases from Big Brook dam to 
flush out the Weir. (Dames & Moore 1985a, p19). 
 
The officer responsible for maintaining summer water flows into Pemberton Weir at the time of audit indicated 
that  he  adjusted  the  draw  from  the  floating  off-take  in  Big  Brook  Dam  so  that  the  Weir  was  always  just 
overtopping once the hatchery and Pemberton town water supply requirements had been met (Pers. Comm. T. 
Proust, WAWA, 18 November 1994). This generally satisfies the first half of the original commitment. However, 
he did not know whether larger releases had ever been required or undertaken in the past to flush out the Weir 
and had not previously heard of the suggestion that maintaining water levels in the Weir within 100mm of the 
top  of  the  structure  was  a  desirable  management  criterion.  This  example  demonstrates  that  management 
commitments made in EIA documents do not necessarily become operational practice. 
 
The  two  management  records  (13%)  implemented  in  part  related  to  site  rehabilitation  and  fish  trap 
management.  In  the  first  case,  a  commitment  to  return  topsoil  to  cleared  land  around  the  dam  site  and 
rehabilitate it was only implemented in part. One area between the dam and the access road was not actively 
rehabilitated following topsoil replacement but was left to naturally regenerate (Pers. Comm. L. Pen, WAWA, 
31 October 1994). In the second case, it was proposed that ongoing operation of the fish trap in Big Brook Dam 
would  occur.  Following  failure  of  the  fish  trap  in  practice,  even  after  modifications  to  its  design  were 
completed, the trap was subsequently abandoned (Pers. Comm. J. Kite, WAWA, 31 October 1994). 
 
The single management record (6%) that was implemented in effect related to the management of lamprey 
migration  (discussed  in  detail  in  Section  6.8),  whereby  alternative  management  actions  to  the  original  pre-
development EIA proposals were implemented. These have achieved the same intended outcome. 
 
Two new management actions (12%) not previously identified in the pre-development EIA documentation have 
been  implemented.  These  involved  new  approaches  to  the  management  of  lamprey  migration  and  the 
eradication of terrestrial weeds along Big Brook. 
 
Only one management record (6%) was not related to an impact prediction in some way. This involved the EPA 
recommendation  for  the  proponent  to  prepare  a  recreation  management  plan  for  the  reservoir.  All  other 
management issues had corresponding impact predictions related to them. This suggests that the design of the 
environmental management strategies for the Big Brook Dam project have largely been conducted either in 
conjunction with or in response to the impact prediction process. 
 
Most management activities sought to minimise the extent of environmental impacts (Table 6.6). 
 
         
  Nature of Management Actions  No.  %   
         
  Initial Impact Minimisation  4  25   
  Rectification or Rehabilitation  5  31   
  Ongoing Impact Minimisation  6  38   
  Compensation  1  6   
         
  Total  16  100   
         
Table 6.6. Classification of the Nature of Management Actions for Big Brook Dam with Respect to Potential 
Environmental Impacts. 
 
Examples of the four management actions (25%) implemented in order to initially minimise the extent of an 
impact included: 
  sourcing basic raw materials for construction from the reservoir storage area; 
  use of existing tracks wherever possible during tree removal in the reservoir area; and 
  temporary diversion of the Rainbow Trail prior to the commencement of construction. 
Examples  of  the  six  management  actions  (38%)  implemented  to  minimise  the  extent  of  an  ongoing  project 
impact included: 
  use  of  a  floating  off-take  to  extract  relatively  well  oxygenated  surface  water  from  Big  Brook  Dam  for 
subsequent use by the Pemberton trout hatchery; 
  provision of a fish trap to assist in fish migration; and 
  ongoing weed eradication along Big Brook. 
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There were no examples of outright impact avoidance. (This category is reserved for potential impacts that were 
completely avoided in practice). 
 
Five  management  actions  (31%)  involved  the  rectification  of  impacts  or  rehabilitation  of  affected  areas. 
Examples of this included: 
  rehabilitation of areas disturbed during construction; 
  relocation of an existing wooden bridge across Big Brook that would otherwise have been flooded in order 
to maintain access to both sides of the brook; and 
  re-routing of the Rainbow Trail, Bibbulmun Track and a forestry track around the reservoir. 
 
The  preparation  of  a  recreation  management  plan  and  subsequent  provision  of  recreational  facilities  was 
classified as compensation (6%). The new facilities have sought to replace the recreational opportunities in Big 
Brook State Forest impacted on by construction of the dam. In so doing, new recreational opportunities and 
facilities have been provided which compensate for those that were forsaken. 
 
 
6.7  ENVIRONMENTAL MONITORING OF BIG BROOK DAM 
 
A total of 9 monitoring records were identified for the Big Brook Dam project. In the following discussion, these 
records are examined in regard to environmental component and subject, origin of monitoring, relationship 
with  identified  significant  issues,  relationship  with  environmental  management  activities  and  the  scientific 
rigour of the techniques used. 
 
As  for  the  impact  predictions,  recorded  impacts  and  environmental  management  records,  the  emphasis  of 
environmental monitoring was on the biological component (Table 6.7). In this case, the biological category 
comprises the majority of records. Monitoring records in this category include migratory aquatic fauna (fish 
and lampreys), life cycles of native fish in the south west of Western Australia and water requirements of flora 
and fauna downstream from dams. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  3  33   
    Physical Processes  1  (11%)       
    Water Quality  2  (22%)       
         
  Biological Component  6  67   
         
  Total  9  100   
         
Table 6.7 Environmental Component and Subject of Environmental Monitoring Records for Big Brook Dam. 
 
A similar proportion of monitoring records occur in the physical component of the environment (i.e. 33% in 
total) as for previously (Tables 6.2-6.4). These included water level monitoring in Big Brook (physical processes 
sub-category) and water quality monitoring (nutrient concentrations, dissolved oxygen levels and temperature). 
There was no monitoring of the social environment. 
 
Only four of the monitoring records (44%) were proposed in the pre-development EIA documents. Three of 
these (all concerning migratory aquatic fauna) related to EPA recommendations and one (dissolved oxygen and 
temperature monitoring in Big Brook) was a proponent commitment made in the PER. The remaining five 
monitoring records (56%) not identified in pre-development EIA documents had a variety of origins which are 
discussed in turn. 
 
Firstly, the monitoring of water levels in Big Brook had been ongoing prior to EIA for the project and represents 
a standard undertaking by the proponent for most rivers and streams in the south west of Western Australia. 
This probably explains why it was not further addressed during the EIA process. 
 
Secondly,  the  nutrient  concentration  monitoring  in  Big  Brook  Dam  water  was  recommended  in  a  letter  of 
correspondence (sighted by the author during examination of EPA files on this case study) from the EPA to the 
proponent in response to the recreation management plan. The recreation plan included proposals for toilet 
blocks utilising septic tank effluent disposal systems and landscaped garden areas to be established adjacent to 
the reservoir. When reviewing the plan, the EPA recommended that the proponent undertake sampling of the 
dam  waters  to  determine  nutrient  levels.  They  were  also  requested  to  provide  calculations  that  would 
demonstrate that any nutrients originating from the toilet blocks and landscaping areas would not cause any 
water quality problems in the reservoir. The proponent subsequently undertook a short programme of water 
sampling for nutrients and supplied the required nutrient budget calculations (sighted in a letter of response to 
the EPA). This monitoring is clearly an outcome of the EIA process as it stems indirectly from the original EPA 
recommendation for the proponent to prepare a recreation management plan for the project area.   102 
 
Thirdly, the monitoring of native fish life cycles in streams of south west Western Australia evolved from the 
migratory  aquatic  fauna  monitoring  for  the  project.  Following  one  year  of  monitoring  of  fish  and  lamprey 
migration in Big Brook, the researchers recommended to the proponent that the scope of studies be extended to 
include  investigations  of  the  life  cycles  of  particular  native  fish  species  (Pen  1991).  This  recommendation 
subsequently  precipitated  a  study  of  native  fish  life  cycles  within  streams  in  the  wider  region  which  was 
ongoing at the time of this research (Pers. Comm. J. Kite, WAWA, 31 October 1994). Again this monitoring can 
be attributed indirectly to the initial EIA process requirement for monitoring. This example and the nutrient 
monitoring  discussed  previously  demonstrate  that  EIA  can  influence  ongoing  and  adaptive  environmental 
monitoring in the post-development stages of projects. 
 
Finally, the monitoring of water requirements of flora and fauna downstream from dams is not directly related 
to the Big Brook Dam project at all. While this issue was discussed in the pre-development EIA documentation, 
no  proposals  for  monitoring  were  included  in  the  pre-decision  EIA  documents.  However,  an  independent 
general study into the effects of reduced water flow on flora and fauna downstream from dams in Western 
Australia involving collaborative research at two universities has been implemented. This research was ongoing 
at the time of this study. While not specifically related to the Big Brook aquatic system, representatives of the 
proponent were anticipating that the results could be extrapolated with respect to the Big Brook situation and 
used in future project management (Pers. Comm. J. Kite, WAWA, 31 October 1994). 
 
All of the individual programmes identified in the monitoring records for this project have been implemented 
in practice. 
 
Eight  monitoring  records  (89%)  were  related  to  issues  of  significance  in  some  way  (six  directly  and  two 
indirectly). Only one record (dissolved oxygen and temperature water quality monitoring) was not related to 
the list of significant issues identified in Table 6.1. Given that the main objective of the project was to supply the 
Pemberton trout hatchery with a reliable supply of high quality water, it is not surprising that the proponents 
have conducted water quality monitoring in practice. This is an example of an issue that is important with 
respect to project objectives but does not relate to identified environmental issues of significance during the EIA 
process. 
 
Monitoring was largely associated with corresponding management actions (six monitoring records or 67%). 
The remaining three monitoring records (33%) did not require a response by management. These all concerned 
the regional studies of native fish life cycles and water requirements of flora and fauna downstream from dams 
which were not necessarily specific to the Big Brook Dam project and were also not completed at the time of this 
research. 
 
With  respect  to  the  rigour  of  monitoring  there  were  no  examples  of  BACI  techniques  being  employed. 
However, it should be stated at this point that there was no information available on monitoring techniques for 
45% of the monitoring records (the regional studies and water quality monitoring). Baseline information was 
only utilised in one programme (water level monitoring in Big Brook) and there was no recorded use of control 
sites  or  statistical  testing  of  data.  Most  identifiable  monitoring  techniques  therefore  consisted  of  simple 
measurements and observations. 
 
The monitoring of lamprey migration in Big Brook provides an interesting example of ongoing monitoring 
combined with an adaptive environmental management programme. This issue is discussed in detail in the 
following section. 
 
 
6.8  MANAGEMENT OF LAMPREY MIGRATION AT BIG BROOK DAM 
 
A particular concern with the proposed dam was the impact on migratory fish and lampreys in Big Brook. 
Aside from the preparation of the recreation management plan and the associated recreational facilities, post-
construction  monitoring  and  management  activities  have  focussed  on  this  issue  (Pen  1991).  It  is  therefore 
discussed in some detail here. A summarised account of the management of lamprey migration at Big Brook 
Dam has previously been published in Morrison-Saunders (1996c). 
 
The potential for the Big Brook Dam to prevent most species of fish and invertebrates from migrating up or 
down stream was acknowledged in the PER document. In their assessment report on the project, the EPA stated 
that one of the public submissions received on the proposed project pointed out that the PER did not provide 
information upon which the implications of this could be determined (EPA 1985). Of particular concern was the 
effect on lamprey migration. Each year adult lampreys migrate from the ocean to rivers to spawn in fresh 
headwaters then die. The lamprey larvae filter feed in permanent streams for 3-6 years before metamorphosing 
and swimming downstream to the sea. Each year between August and November thousands of adult lampreys 
move up the rivers in the south west of WA, climbing quite considerable obstacles (by use of their suctorial 
disc) to reach their spawning grounds (Pen 1991). 
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As a result of this submission the proponent provided the EPA with a Supplement to the PER dealing with the 
impact on migratory aquatic fauna of the Big Brook Dam (EPA 1985). The Supplement, which was appended to 
the EPA assessment report, contained a commitment by the project managers to maintain suitable surrounding 
vegetation to allow lampreys to manoeuvre around the dam on the banks. This was based on observations of 
lamprey mobility at Pemberton Weir which has similar surrounding vegetation to the Big Brook dam site. The 
fact that the EPA could and did request additional information from the proponent prior to decision-making 
demonstrates the flexibility of the EIA process. If the proposal as put forward in the PER was inadequate, then 
the EPA had the right to recommend that it did not proceed and require the proponent to initiate the EIA 
process from the beginning again with an appropriately amended proposal. The inclusion of the Supplement in 
the EPA's report ensured that the project was assessed with a complete information base and that this process 
was publicly accountable. 
 
The EPA subsequently devoted a considerable component of their assessment report to this issue and made the 
following recommendation: 
 
The EPA recommends that the Water Authority...establish a monitoring programme to determine the effect of 
the proposed dam on migratory species of aquatic fauna and the effectiveness of remedial measures proposed 
in the PER. The results of the monitoring programme should be provided on a regular basis to appropriate 
Government departments. (EPA 1985, p6). 
 
In practice, the dam embankment design did not facilitate provision of the proposed vegetation suitable for 
overland  lamprey  migration.  As  a  result,  the  ongoing  management  and  monitoring  effort  has  focussed  on 
alternative strategies for assisting lamprey migration and these are discussed here in some detail. 
 
In 1987, during monitoring of the annual lamprey migration, it was observed that lampreys attempting to climb 
the steep sloping spillway of Big Brook dam were prevented from doing so by recessed expansion cracks in the 
face of the wall (WAWA 1989). In response to this, the proponent arranged for the cracks to be filled in to create 
a smooth surface. During subsequent monitoring, it was observed that lampreys successfully moved over the 
filled  in  expansion  cracks  but  no  individuals  managed  to  move  more  than  1-2m  up  the  wall  before  being 
washed down. Lampreys attempting to leave the stream to migrate overland could not negotiate the sharp 
corners of the steps at the base of the Big Brook Dam (Pen 1991). 
 
The  monitoring  also  noted  that  while  large  numbers  of  adult  lampreys  migrated  upstream  as  far  as  the 
Pemberton Weir, relatively few lampreys actually reached the Big Brook Dam itself. This was due to the barrier 
created by the Pemberton Weir and also a gauging dam (Rainbow Weir) situated between the Pemberton Weir 
and Big Brook Dam (Pen 1991). Both of these weirs have vertical walls which the lampreys can climb but they 
are unable to negotiate the right angle bend at the top. A photo of an adult lamprey climbing the Pemberton 
Weir wall, taken during a site visit as part of the research, can be seen in Plate 6.X. This individual was observed 
to fall back downstream when attempting to negotiate the rim of the weir against the stream flow.  
 
Formal monitoring observations noted that the lampreys remained amongst the rocks at the base of the two 
weirs where their numbers built up over time. When the conditions became favourable for overland movement 
(dark  nights  during  or  immediately  after  rain  when  the  ground  was  wet),  they  immediately  took  the 
opportunity  to  move  upstream.  While  some  lampreys  were  clearly  successful  in  this  (since  several  were 
observed at the base of Big Brook Dam), hundreds of dead lampreys were also found on the ground adjacent to 
the Pemberton and Rainbow Weirs. The observers concluded that the lampreys probably responded to the 
water which runs off the road and along the foot track leading to the weirs and subsequently got stranded away 
from the stream (Pen 1991). 
 
The  researchers  undertaking  the  monitoring  made  a  series  of  recommendations  to  the  project  managers 
including the need for provision of a guided movement system incorporating a wire mesh fence around both 
the  Pemberton  and  Rainbow  Weirs.  They  also  recommended  that  large  rocks  be  placed  immediately 
downstream of Big Brook Dam to provide daytime shelter for lampreys, staggering the rim of the dam wall to 
ensure that there would always be a zone where only a trickle of water was moving over the dam, smoothing 
the corners of the steps at the base to permit successful negotiation by lampreys and provision of additional 
steps to provide a second means by which lampreys could get over the dam wall when all sections of the rim of 
the wall were being over topped (Pen 1991). 
 
At the time of audit the guided movement mesh system had been provided for the two weirs (see Plate 6.X) and 
some modifications carried out to the base of the Big Brook Dam. The project managers were waiting for a 
major lamprey migration event (the 1994 season was relatively poor) in order to observe what happens when 
large numbers of lampreys actually reach the Big Brook Dam itself (Pers. Comm. J. Kite, and L. Pen, WAWA, 31 
October 1994). The viewpoint of the officers interviewed was that modifications to the lip of the dam was an 
option that may be undertaken if proved to be necessary.  
 
The  management  of  the  lamprey  migration  process  for  the  Big  Brook  Dam  project  provides  a  very  good 
example of ongoing management and monitoring in order to rectify an environmental impact. The management 
has been both responsive to observed impacts and also has checked up on the proposed remedial measures and   104 
found  alternatives  when  these  have  proven  to  be  unsuccessful.  The  management  and  monitoring  actions 
undertaken relate directly to the EPA recommendation during project assessment for the proponent to monitor 
and report on the impact of the dam on migratory aquatic fauna and the effectiveness of remedial measures. It 
is also significant that the management regime established by the EIA process extended beyond the scope of the 
actual project under assessment to include the two existing structures also the responsibility of the project 
managers. The next section examines the relationship between EIA and environmental management for the Big 
Brook Dam project in greater detail. 
 
 
6.9  THE INFLUENCE OF EIA ON ENVIRONMENTAL MANAGEMENT FOR BIG BROOK DAM? 
 
Having described the implementation of the Big Brook project and examined the suite of audit database results 
including discussion of particular examples, this section examines the extent to which the EIA process has 
influenced environmental management activities. Consideration is given to when this influence occurred and 
how it came about in practice.  
 
 
6.9.1  DID  THE  EIA  PROCESS  INFLUENCE  ENVIRONMENTAL  MANAGEMENT  OF  BIG  BROOK 
DAM? 
 
The  first  point  to  consider  is  the  influence  of  EIA  on  the  management  of  the  Big  Brook  Dam.  Numerous 
examples of this have been provided throughout the discussion of the results for this case study. It is not 
intended  to  duplicate  this  information.  In  brief  though,  some  examples  of  the  influence  of  EIA  on 
environmental management for the project include: 
  avoidance of two impacts during dam construction (conflict with tourists and potential impacts on natural 
habitats  outside  of  the  area  to  be  inundated  by  the  dam)  through  the  implementation  of  appropriate 
management actions; 
  all impacts warranting some sort of environmental management attention were responded to. Most of these 
management actions were established in the pre-decision EIA documentation; 
  a high implementation rate of proposed management actions (none of which were legally binding) was 
recorded; 
  a  strong  correlation  between  impact  prediction  processes  and  environmental  management  actions  was 
evident; 
  correlation between environmental monitoring programmes and adaptive environmental management. This 
was particularly evident for the management of lamprey migration for which new management actions were 
implemented when other measures failed; and 
  extension  of  the  environmental  management  programme  established  for  the  project  to  include  two 
additional dams managed by the proponent. 
 
These examples indicate that the EIA process has significantly influenced environmental management activities 
for the Big Brook Dam project. 
 
 
6.9.2  WHEN DID THE INFLUENCE OF EIA ON ENVIRONMENTAL MANAGEMENT OCCUR FOR 
THE BIG BROOK DAM? 
 
The next question to consider is: when did this influence occur? This can be determined by reference to the 
theoretical EIA/environmental management model presented in Chapter 2. The proportion of project activities 
recorded in the research database falling into each of the pre-decision, transitional and post-decision stages of 
EIA is depicted in Figure 6.2. Overall, it can be seen that the majority of EIA activities originated during the pre-
decision stages of the project (even when discounting the impact predictions which all fall into this category). 
The individual management, monitoring and impact events are now discussed in turn. 
 
The majority of the 16 environmental management activities (12 records or 74%) were proposed in the pre-
decision  EIA  documentation.  These  mostly  comprised  commitments  by  the  proponent  to  manage  both 
construction and operational aspects of the project but also included two EPA recommendations. A further two 
EPA recommendations (13%) fell into the transitional stage of EIA. These both related to recreational issues 
concerning the preparation of a recreation management plan for the project and liaison with CALM concerning 
the temporary diversion of tourist trails near the dam site. The two new management actions originating from 
the post-decision stage of EIA (13%) were established by the proponent. These concerned weed eradication 
along  Big  Brook  and  modifications  to  the  dam  walls,  including  erection  of  a  guided  movement  system, 
associated with ongoing management of lamprey migration in Big Brook. It can be seen from these results that 
while the majority of environmental management activities were established during the pre-decision stage of 
EIA, important ongoing environmental management also occurred. 
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In contrast most of the nine environmental monitoring programmes were initiated during the post-decision 
stage of EIA (five records or 56%). These new monitoring programmes have been discussed previously. Only 
one  monitoring  programme  (11%)  relating  to  water  quality  monitoring  in  Big  Brook  was  established  in  its 
entirety during the pre-decision stage of EIA. The remaining three monitoring records fell into the transitional 
category. These were all recommendations by the EPA for the proponent to establish monitoring programmes 
to determine the effect of the dam on migratory species of aquatic fauna and the effectiveness of the remedial 
measures proposed in the PER (fish species and distribution, lamprey migration and success of the fish trap). 
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Figure 6.2 Origin of Environmental Management and Monitoring Activities for Big Brook Dam with Respect to 
the Principal Decision Point. 
 
All ten observed environmental impacts for the Big Brook Dam were originally identified in the pre-decision 
EIA documentation (although, they were not all accurately predicted as discussed previously). All impacts 
warranting some sort of management action, have received management attention. 
 
 
6.9.3  HOW DID THE ENVIRONMENTAL MANAGEMENT ACTIVITIES FOR THE BIG BROOK DAM 
PROJECT COME ABOUT? 
 
The next point to consider is the explanation for the origin of environmental management activities for the Big 
Brook Dam. The following discussion attempts to account for influences that can be attributed to external and 
internal pressures, and evidence of rational processes. 
 
There was evidence of external pressures influencing environmental management activities which originated 
during the public review of the PER. The EPA received five submissions on the project. One of these indicated 
that the PER did not provide sufficient information to make an objective appraisal of the potential impacts of 
the  dam  on  aquatic  fauna  migration  in  Big  Brook.  The  EPA  noted  that  as  a  result  of  this  submission,  the 
proponent prepared a supplement to the PER addressing this issue, and this was appended to the EPA's report 
(EPA  1985,  p6).  At  the  end  of  the  discussion  of  this  issue  in  their  report,  the  EPA  presented  their 
recommendation  for  the  proponent  to  establish  an  aquatic  fauna  monitoring  programme.  The  subsequent 
monitoring and management of this issue, particularly with respect to lamprey migration, has previously been 
discussed.  
 
A second example of external pressure influence concerned the possibility of recreation on and adjacent to the 
Big Brook Dam. The EPA noted that several public submissions discussed this issue. The EPA made reference to 
a  report  by  the  Western  Australian  Water  Resources  Council  concerning  public  access  to  reservoirs  and 
catchment. The EPA indicated support for the view expressed in this report that carefully prepared individual 
management plans was the key to successful introduction of recreational activities on water supply reservoirs 
(EPA 1985, p8). The EPA subsequently recommended that the proponent prepare a recreation management 
plan for the dam. Hence, it would appear from these two examples that external pressures have influenced 
environmental management activities. 
 
Evidence of internal reforms are more difficult to identify. On the recreation issue, the EPA acknowledged that 
the proponent was considering allowing recreational access to the dam at the time of their assessment (EPA 
1985, p8). However, there is no evidence to suggest whether this was a result of an internal policy change or 
because of the activities of the Western Australian Water Resources Council on this issue at that time. Two 
representatives from the Groundwater and Environment Branch of the proponent interviewed for this research 
indicated that the proponent is committed to best practice environmental management and are responsive to   106 
improvements in knowledge and understanding of environmental issues (Pers. comm. J. Kite, L. Pen, WAWA, 
31 October 1994). As such, the proponent has been supportive of relevant research programmes (eg. native fish 
life  cycle  monitoring  and  investigations  of  water  requirements  of  flora  and  fauna  downstream  from  dams, 
discussed previously). It is interesting to note that the person who wrote the public submission on the PER 
outlining  problems  with  migratory  aquatic  fauna  was  subsequently  employed  by  the  proponent  as  an 
environmental officer (Pers. comm. L. Pen, WAWA, 31 October 1994). While there is little direct evidence to 
suggest that internal reforms have influenced environmental management activities for Big Brook Dam, the 
potential for this clearly exists. 
 
There was no evidence of influences on environmental management with respect to the rationality of individual 
components  of  the  EIA  process.  Quantified  and  formal  impact  predictions  were  no  more  accurate  than 
qualitative predictions or general identification of issues nor were they more often associated with appropriate 
environmental  management  actions.  There  was  little  use  of  rigorous  scientific  methods  in  environmental 
monitoring and the detection of impacts. However, on the positive side, all impacts were identified in impact 
predictions in some way and all impacts requiring management were responded to, irrespective of whether 
they were accurately or inaccurately predicted in the first place. In addition, management actions appeared to 
be  strongly  related  to  the  impact  prediction  process.  Where  management  strategies  failed  to  achieve  the 
objectives (eg. in the case of the lamprey migration), modifications were undertaken to remedy the situation 
(ongoing at the time of this research) as required. This is a good example of rational reform with respect to 
learning from experience. 
 
In conclusion, it is apparent that the ongoing EIA process has influenced environmental management activities 
and outcomes for the Big Brook Dam project. Overall, the greatest contribution of EIA was probably achieved 
during the pre-decision stage of EIA in terms of identifying the actual impacts that occurred in practice and 
establishing  most  of  the  management  activities  for  the  project.  However,  flexibility  in  the  management 
approach  and  in  the  design  and  implementation  of  monitoring  programmes  during  subsequent  project 
implementation  has  been  a  notable  feature.  External  pressure  influences  on  the  overall  environmental 
management regime for the Big Brook Dam project have been clearly identified with some additional evidence 
of internal and rational reforms. 
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Chapter 7  NARNGULU SYNTHETIC RUTILE PLANT 
 
7.1  INTRODUCTION 
 
This  case  study  involves  an  industrial  complex  that  produces  synthetic  rutile  from  mined  mineral  sands. 
Discussion commences with a description of the project and the EIA processes to which it was subjected. The 
project  proceeded  in  two  separate  stages  and  the  discussion  clearly  distinguishes  between  information 
concerning  either  individual  stages  on  their  own  or  as  a  combined  project.  The  list  of  significant  issues 
identified for each stage during the EIA process are identified. Four sections follow this which discuss the case 
study  in  light  of  the  database  findings.  This  is  followed  by  a  section  discussing  the  management  of  two 
important environmental issues for the project relating to gaseous emissions and the treatment and disposal of 
waste  products  in  wastewater  effluent  disposal  dams.  The  chapter  concludes  with  discussion  on  the 
relationship between EIA and environmental management for the project. 
 
 
7.2  PROJECT OUTLINE AND EIA PROCESS FOR THE NARNGULU SYNTHETIC RUTILE PLANT 
 
The case study is a mineral sands processing plant situated in the Narngulu Industrial Estate located some 
11km south-east of the regional town of Geraldton and approximately 420km north of Perth (Figure 7.1). The 
region experiences a generally warm to hot climate with low rainfall and high evaporation with prevailing 
winds predominantly from the south-west. The sand and limestone soils of the plant site are underlain by poor 
quality groundwater containing up to 12,000mg/l of total dissolved solids, making it unsuitable for human 
consumption  or  irrigation.  Although  not  fully  occupied,  the  Narngulu  Industrial  Estate  has  a  range  of 
established industries in addition to the synthetic rutile plant. The nearest human habitation is the village of 
Narngulu, consisting of about 12 houses, located approximately 2.5km to the east of the plant site (Associated 
Minerals Consolidated Limited 1985). Suburbs and residences associated with the southern most limits of the 
town of Geraldton lie several kilometres north and west of the plant site. 
 
Environmental assessment has been undertaken on this project at different times and in different ways. In 
addition, the mining activities conducted by the proponent to supply the necessary feedstock for the synthetic 
rutile plant have been subject to separate environmental assessment. The mining component of the proponent's 
operations  have  not  been  subjected  to  audit  and  evaluation  here.  However,  it  is  necessary  to  describe  the 
mining operations in conjunction with the synthetic rutile plant to understand the history of development and 
environmental assessment that has occurred. 
 
In 1972 Allied Eneabba Pty Ltd was formed as a subsidiary of Allied Minerals N.L. following discovery of 
heavy mineral sands deposits at Eneabba. A large scale pilot plant was built to determine the feasibility of 
developing  the  company's  mineral  claims,  the  ability  to  separate  the  minerals  and  the  consistency  of  the 
deposits. In 1973, the decision was made to commence construction of commercial scale plants at Eneabba (the 
mine site) and Narngulu (processing facility). These were completed in 1975 (Kinhill Stearns 1985) and were 
subject to the terms and conditions of the Mineral Sands (Allied Eneabba) Agreement Act 1975. This legislation 
established a formal agreement between the State Government of WA and the company for the mining and 
processing of mineral sands. During the same year, Western Titanium Ltd commenced mining and separating 
mineral sands at Eneabba under the terms of a second Agreement Act with the State entitled the Mineral Sands 
(Western Titanium) Agreement Act 1975 (AMC Mineral Sands Ltd 1989b). 
 
Neither of these two projects were subjected to EIA under the Environmental Protection Act 1971 although some 
EIS style documentation was produced for the Western Titanium Ltd project (eg. Blackwell and Cala Landscape 
Consultants 1976). This documentation was limited to discussion of environmental issues related to mining and 
rehabilitation  activities  only  (i.e.  not  the  processing  operations).  Similarly,  provisions  for  environmental 
management  incorporated  into  the  two  Agreement  Acts  (which  were  legally  binding  at  a  time  when  any 
assessment by the EPA held recommendation status only) addressed only mining issues. In the absence of both 
formal  EIA  and  specific  reference  to  mineral  sands  processing  operations,  these  documents  and  the  two 
Agreement Acts have not been included in this research. At this stage both operations involved only basic 
processing of the raw material before export. However, the two Agreement Acts contained provisions requiring 
the relevant companies to investigate the technical and economic feasibility of further processing mineral sands 
from their operations (AMC Mineral Sands Ltd 1989b). 
 
In 1977, Western Titanium was merged with Associated Minerals Consolidated Limited as a wholly owned 
subsidiary (AMC Mineral Sands Ltd 1989b). During 1979, Allied Minerals N.L. was liquidated and its 
shareholders absorbed into the new publicly listed company, Allied Eneabba Limited. Initially, the    108 
 
Figure 7.1 Location of the Narngulu Synthetic Rutile Project   109 
company held sufficient mining reserves for eighteen years of operation (at 1985 production rates) but in 1981, 
additional adjacent reserves were acquired at Eneabba which extended the mine life by a further ten years. At 
this stage operations consisted of a mine and wet separation plant (for initial concentration of mineral sands 
content) at Eneabba, dry separation plant at Narngulu (further processing of mineral sands into ilmenite) and 
wharf storage facilities at the Port of Geraldton from which the mineral sands were exported (Kinhill Stearns 
1985).  
 
In 1985 Associated Minerals Consolidated Limited released a PER document for the proposed construction of a 
synthetic rutile plant at Narngulu. The proposal was to process ilmenite produced at the company's separation 
plant, located near the minesite at Eneabba, into synthetic rutile. The proposed plant was designed to produce 
100,000 tonnes per annum of synthetic rutile. At this time, 70,000 tonnes per annum of ilmenite was being 
exported from Geraldton and 90,000 tonnes per annum was railed to the company's synthetic rutile plant at 
Capel, south from Perth. Additional stockpiles of ilmenite were available which had been produced during the 
initial  years  of  production  at  Eneabba.  Use  of  these  stockpiles,  processing  of  the  exported  ilmenite  plus 
modification of the separation process to increase the recovery of ilmenite mined would enable the proposed 
new synthetic rutile plant to operate whilst continuing to supply ilmenite at the same rate to the Capel synthetic 
rutile operation and without affecting the mining rate (Associated Minerals Consolidated Limited 1985). 
 
Following the normal public review period during EIA of the proposal, the EPA requested further information 
on a number of specific issues from the proponent. The subsequent information provided was included in the 
EPA  assessment  report  (Department  of  Conservation  and  Environment  1985).  The  additional  information 
describes in greater detail the gaseous, liquid and solid wastes that would be produced from the proposed 
plant. 
 
At this stage, the EPA's assessment report would normally have been printed and made publicly available. 
However,  this  did  not  occur,  although  no  specific  reason  as  to  why  this  was  the  case  has  been  identified. 
Despite this deviation from normal EIA procedures, inspection of the relevant files held in the Department of 
Environmental  Protection  (DEP)  (formally  the  Department  of  Conservation  and  Environment)  provided 
evidence in the form of letters and other correspondence that copies of the EPA's assessment report had been 
submitted both to the relevant minister responsible for issuing project approval (the Minister for Minerals and 
Energy) and to the proponent. As already said, at this point in time EIA was conducted under the terms of the 
Environmental  Protection  Act  1971.  The  EPA's  assessment  therefore  held  recommendation  status  only.  After 
publication of the assessment report, during which time the relevant minister and the proponent would receive 
copies, there was no legal basis to any subsequent follow-up as is currently the case. Hence, while the EPA's 
report on the project was not formally published, the EIA process was otherwise no different from practice at 
that  time,  and  therefore  can  be  audited  in  the  same  way.  This  initial  synthetic  rutile  plant  forms  the  first 
component of the audit undertaken on this case study and here-after is referred to as Stage 1 of the project. 
 
The Stage 1 plant commenced operations in March 1987 (Pers. Comm. G. Price, RGC Mineral Sands Limited 28 
March 1995). Soon after commissioning, problems with odorous emissions of hydrogen sulphide developed 
unexpectedly, resulting in a series of public complaints (AMC Mineral Sands Ltd 1989b). Examination of the 
DEP files on this project revealed several letters, a petition containing over 300 signatures and local newspaper 
reports all complaining about the odours. In addition to being an identified nuisance, suspected adverse health 
problems concerning asthma and other breathing difficulties within several kilometres of the plant were also 
raised in this correspondence. Complaints were received over a period of several months in 1987. By this time 
the Environmental Protection Act 1986 had come into force which made a number of changes to the EIA process 
(see  Appendix  1)  and  provided  the  EPA  with  specific  pollution  control  powers.  The  severity  of  the  odour 
problem at the Narngulu Synthetic Rutile plant and the public controversy surrounding resulted in the EPA 
utilising  these  new  pollution  control  powers.  A  pollution  abatement  notice  was  issued  by  the  EPA  on  the 
proponent in July 1987 requiring the operation to be closed down until new pollution control equipment was 
installed (EPA 1989b). 
 
The odour problem was overcome by the addition of an afterburner and a packed tower scrubber in the waste 
gas system to remove the hydrogen sulphide and other volatile gases from the gas emissions (AMC Mineral 
Sands Ltd 1989b). The afterburner was installed in October 1987 from which point the plant recommenced 
operations  and  the  packed  tower  scrubber  was  completed  by  February  1988  (Pers.  Comm.  G.  Price,  RGC 
Mineral Sands Limited 28 March 1995). 
 
The plant can be operated to produce one of two grades of synthetic rutile referred to as "standard" grade 
(approximately  90%  titanium  dioxide  content)  and  "premium"  grade  (approximately  93%  titanium  dioxide 
content). The principal difference in these relates to the addition of elemental sulphur to the reduction kiln 
which is required to produce the premium grade product (greater detail on the production process is presented 
in Section 7.3). The use of elemental sulphur is the principal factor affecting the production of odours from the 
process. When the plant recommenced operations in October 1987, the standard grade product was generated 
until the packed tower scrubber was brought into operation and production of premium grade synthetic rutile 
was recommenced (Pers. Comm. G. Price, RGC Mineral Sands Limited 28 March 1995). Following installation of 
the afterburner and the packed tower scrubber, the plant subsequently was found to comply with the EPA's air 
emission requirements (EPA 1989b).   110 
 
In  1988,  Allied  Eneabba  Limited  was  acquired  by  Associated  Minerals  Consolidated  Limited  which  is  a 
subsidiary of the Renison Goldfields group of companies. The Mineral Sands (Western Titanium) Agreement Act 
1975 was repealed and the Mineral Sands (Allied Eneabba) Agreement Act 1975 amended to become the Mineral 
Sands (Allied Eneabba) Agreement Amendment Act 1988. The company name was changed in 1989 to AMC Mineral 
Sands Ltd (AMC Mineral Sands Ltd 1989b) and in 1992 the name was changed again in light of the parent 
company name to RGC Mineral Sands Limited (Pers. Comm. G. Price, RGC Mineral Sands Limited 28-3-95) 
under which it was operating at the time of this research. To avoid potential for confusion, the generic term 
proponent will be used here. 
 
In 1989, the proponent prepared a PER document in accordance with the requirements of the Environmental 
Protection Act 1986 for the proposed expansion of their mining operations at Eneabba (AMC Mineral Sands Ltd 
1989a). The proposal was to expand existing mining operations by about 40% with the mine concentrate being 
railed  to  Narngulu  for  processing  into  finished  products.  The  project  was  found  to  be  environmentally 
acceptable by the EPA subject to a number of conditions being met (EPA 1989a). This mining component of the 
proponent's operations is not further considered in this audit. 
 
In the following month of the same year, the proponent submitted a second PER for the proposed upgrading of 
the  Narngulu  synthetic  rutile  plant  to  more  than  double  the  processing  capacity  of  the  plant  from  112,500 
tonnes to 260,000 tonnes per annum. Following an eight week public review period, the EPA recommended that 
approval to proceed with the expansion be granted (EPA 1989b). This second EIA approval process for the 
Narngulu Synthetic Rutile plant has also been audited in this research and is here-after referred to as Stage 2 of 
the project. 
 
The proposal put forward in the Stage 2 PER involved both upgrading many of the existing plant facilities 
(particularly in relation to the control of gas and odour emissions) over and above the modifications that had 
been  implemented  soon  after  original  commissioning,  as  well  as  extending  the  plant  capacity  with  new 
processing facilities (AMC Mineral Sands Ltd 1989b). It was expected by the proponent and the EPA that the 
environmental  performance  of  the  expanded  operation  would  be  better  than  that  of  the  existing  Stage  1 
operation alone (EPA 1989b). 
 
Greater discussion on the operations and the environmental performance of the two stages of the Narngulu 
synthetic rutile plant is presented in the following section, prior to discussion of significant environmental 
issues and the database findings. 
 
 
7.3  PROJECT OPERATIONS: SYNTHETIC RUTILE PRODUCTION PROCESS 
 
This  section  describes  the  generic  process  for  converting  raw  mineral  sands  into  synthetic  rutile.  This 
information is useful in order to identify and understand the sources of potential environmental impacts or 
concerns. The following discussion simply describes the principal steps involved in producing synthetic rutile 
in  order  to  place  the  environmental  issues  in  perspective.  Due  to  market  pressures  and  inter-company 
competition in the titanium dioxide market, the specific technology and processes utilised in the industry are 
deemed as confidential information by the proponent. The sensitivity of the industry operators to this issue was 
such that access to this detailed information was not sought during this research. In addition, access to post-
development EIA documentation such as annual monitoring reports was not permitted. This was because the 
proponent  was  of  the  opinion  that  knowledge  of  the  composition  of  pollutant  emissions  may  enable 
confidential information on the production process to be determined by deduction (Pers. Comm. G. Price, RGC 
Mineral Sands Limited 28 March 1995). 
 
Mineral  sands  mined  at  Eneabba  by  a  wet  dredging  process  pass  through  the  minesite  concentrator  for 
attritioning and drying before being railed to the Narngulu Processing Plant for separation. The four principal 
products from the separation process are ilmenite, rutile, zircon and monazite of which the former is the major 
one. Rutile is a naturally occurring mineral comprising titanium dioxide which is an essential component of a 
wide variety of everyday products, especially the white colouring agent in paints, paper, ceramics and tiles. 
Ilmenite comprises mixed oxides of titanium and iron. The value of ilmenite lies mainly in its titanium dioxide 
content which can be realised through the processing of ilmenite into synthetic rutile (AMC Mineral Sands Ltd 
1989b). 
 
The process for producing synthetic rutile requires the addition of numerous raw materials to the ilmenite 
including coal, sulphur, ammonium chloride, lime and sulphuric acid. The actual chemical treatment process is 
complicated  and  a  summary  of  the  main  stages  follows  as  described  by  Associated  Minerals  Consolidated 
Limited (1985) and AMC Mineral Sands Ltd (1989b). 
 
Measured quantities of ilmenite and coal are continuously fed to a rotating kiln operating at high temperature. 
The coal reduces the iron oxide in the ilmenite to metallic iron. Small quantities of sulphur and char (reduced 
charcoal) are also fed into the kiln. Residual iron oxide and manganese oxide react with the sulphur to produce 
iron or manganese sulphides. The metallised product is known as reduced ilmenite and contains about 66%   111 
titanium dioxide. The main chemical reaction in the kiln is represented as (Associated Minerals Consolidated 
Limited 1985): 
 
  2FeO.TiO2  +  C    CO2  +  2TiO2.Fe 
  (ilmenite)    (coal)   (carbon dioxide)    (reduced ilmenite) 
 
where Fe = iron, Ti = titanium, O = oxygen and C = carbon. 
 
An important intermediate stage in this reaction is the continual reformation of carbon monoxide, which is a 
critical gas in the conversion stage. This reformation process is caused by the reaction of each carbon dioxide 
molecule with additional carbon to produce two carbon monoxide molecules (AMC Mineral Sands Ltd 1989b). 
 
Waste products from the kiln include dust, fine particulates of char and ilmenite and various gases including 
hydrogen sulphide, sulphur dioxide, carbon monoxide and hydrocarbons produced from the burning of coal. 
The waste gases are passed through several stages of cleaning. Firstly, dust collection cyclones which removes 
the majority of fine ilmenite and some fine char which is recycled into the process. Secondly, an afterburner 
which converts: 
  hydrogen sulphide to sulphur dioxide and water vapour; 
  carbon monoxide to carbon dioxide; 
  hydrocarbons to carbon dioxide and water vapour; and 
  burns the fine char to carbon dioxide. 
Use of an afterburner eliminates odorous gases which may otherwise be a nuisance. A gas-to-air heat exchanger 
then  reduces  the  gas  temperature  and  recovers  heat  for  both  product  drying  and  improved  afterburner 
performance. Heat recovery improves overall energy efficiency and reduces fuel usage. The cooled exhaust 
gases are then scrubbed to remove any remaining particulates and sulphur dioxide in a venturi scrubber and 
packed tower combination prior to passing through two fans in series to the exhaust stacks for discharge to the 
atmosphere (AMC Mineral Sands Ltd 1989b).  
 
The second stage of the synthetic rutile production process is carried out at low temperature. After passing 
through magnetic separators, the reduced ilmenite is thoroughly mixed with water by a large paddle in an 
aeration vessel. Large quantities of air are bubbled through the mixture to rust the iron away from the mineral 
grains. The main chemical reaction that occurs is represented as (Associated Minerals Consolidated Limited 
1985): 
 
  2TiO2.Fe +  O2  2FeO  +  2TiO2 
  (reduced ilmenite)   (air)    (iron oxide)    (synthetic rutile) 
 
The process is made more efficient by the addition of small quantities of ammonium chloride to the mixture. 
When the rusting is complete, the aeration vessel contains both mineral grains, which have been made porous 
because the iron has been removed, and very fine rust particles (iron oxides and iron hydroxides). The iron 
oxide and synthetic rutile are separated through a series of counter current washing hydro-cyclones. The iron 
oxide is passed through a thickener, to recover water and ammonium chloride, then disposed of via a series of 
lined dams for solar drying prior to covering with topsoil and rehabilitation. The coarser synthetic rutile is 
pumped on to an acid leach plant. The rusting process causes the water temperature to rise and the added air 
combines with the water to produce water vapour which is emitted to the atmosphere (AMC Mineral Sands Ltd 
1989b). The wet rusting process is self contained with maximum recycling of all liquids involved (i.e. some 
liquid is lost through the disposal of iron oxide slurry in the evaporation dams). 
 
The synthetic rutile is given a mild sulphuric acid wash in the leach plant to remove residual metallic iron left 
over from the aeration step, as well as the iron and manganese sulphides formed in the initial kiln reduction 
process. The synthetic rutile is then washed free of acid and dried using waste heat recovered from the kiln. The 
acid leach process generates gases, including small quantities of hydrogen sulphide gas, which are collected 
and directed to a packed tower gas cleaning system to remove the hydrogen sulphide. The cleaned gas is 
emitted  to  the  atmosphere.  Spent  acid  is  neutralised  prior  to  further  processing  (AMC  Mineral  Sands  Ltd 
1989b). 
 
A water recovery system is utilised to minimise overall water requirements and to avoid the need for liquid 
effluent disposal. The only liquid emitted to the environment is the water evaporated by solar heating from the 
evaporation ponds and above the aeration vessel. The water recovery process was originally designed around a 
seven stage process as follows (AMC Mineral Sands Ltd 1989b): 
  neutralisation with lime; 
  water clarification by aided sedimentation; 
  carbonation with soda ash; 
  second stage clarification; 
  micro-filtration; 
  hypochlorite dosing to eliminate bacterial growth; and 
  reverse osmosis.   112 
At  the  time  of  this  research,  treated  and  recycled  water  represented  approximately  80%  of  the  total  water 
supply to the synthetic rutile process (Pers. Comm. G. Price, RGC Mineral Sands Limited 28 March 1995). 
 
Synthetic  rutile  from  the  drier  system,  which  now  comprises  approximately  93%  titanium  dioxide,  is 
transferred to an out-loading bin system ready for transport by rail to the Port of Geraldton where it is stored in 
sheds  and  silos  along  with  other  AMC  mineral  sands  products  from  other  operations,  prior  to  shipment 
overseas. The sheds are serviced by road trucks and the silos are connected by conveyor to rail unloading and 
ship loading facilities (AMC Mineral Sands Ltd 1989b). 
 
In order to remain cost competitive within the local and international market for synthetic rutile and to improve 
its  environmental  performance,  the  proponent  has  continually  sought  to  improve  its  operations.  This  has 
resulted in many modifications to the production process over time. For example, recent modifications to the 
reduction kiln component of the plant have enabled the feed rate of sulphur into the kiln to be decreased to 
approximately 20% of the original levels. This has resulted in improved waste gas emissions by reducing the 
amount of sulphur dioxide and hydrogen sulphide produced. A second example relates to improved reverse 
osmosis membrane technology which now enables acidic liquids to be utilised. This has enabled the water 
treatment  process  to  be  simplified  to  a  four  stage  process  comprising  micro-filtration,  nano-filtration  and 
reverse osmosis followed by acid neutralisation (Pers. Comm. G. Price, RGC Mineral Sands Limited 28 March 
1995). 
 
The synthetic rutile production process has direct bearing on environmental performance and management. 
Important environmental issues for the Narngulu Synthetic Rutile plant are discussed in the following section. 
 
 
7.4  SIGNIFICANT  ENVIRONMENTAL  ISSUES  FOR  THE  NARNGULU  SYNTHETIC  RUTILE 
PLANT 
 
This  section  outlines  the  list  of  significant  issues  identified  by  the  EPA  for  the  case  study,  followed  by 
discussion of key events and ongoing environmental management issues for the project. Since the project was 
implemented in two separate stages, each subject to individual EIA treatment, two tables of significant issues 
have been produced (Tables 7.1 and 7.2). 
 
     
  NARNGULU SYNTHETIC RUTILE PLANT STAGE 1 
Significant Environmental Issues 
 
 
  Explicit Issues in (unpublished) EPA Bulletin   
    Dust emissions.   
    Storage of hazardous chemicals and spillage recovery provisions.   
    Potential effluent dam leakage into groundwater.   
    Seal quality over completed and neutralised effluent dams.   
    Radiological levels (gamma radiation and radionuclides).   
    Air quality at nearest residence.   
     
  Additional Issues Mentioned in (unpublished) EPA Bulletin   
    Management of spillage and pipe breakages (containment and clean-up 
measures). 
 
    Effects of rainfall on effluent dam capacity and treatment.   
    Stack emission quality.   
    Work place air quality.   
    Workplace noise levels.   
     
Table 7.1. Significant Environmental Issues Identified for the Stage 1 Narngulu Synthetic Rutile Plant. Source: 
Department of Conservation and Environment (1985) 
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  NARNGULU SYNTHETIC RUTILE PLANT STAGE 2 
Significant Environmental Issues 
 
 
  Issues Identified in PER Guidelines   
    Emission control (noise, wastewater and gases)   
    Management of construction stage impacts (dust and noise)   
    Location of expanded plant and associated earthworks.   
     
  Explicit Issues Discussed in EPA Bulletin 410   
    Hydrogen sulphide emissions (odour)   
    Management of sulphur dioxide emission levels.   
    Management of particulate matter (dust) emission levels.   
    Noise emissions.   
    Gas,  liquid  and  solid  waste  management  facilities  (need  for 
contingency plans and monitoring). 
 
     Project decommissioning and site rehabilitation standards.   
     
Table 7.2. Significant Environmental Issues Identified for the Stage 2 Narngulu Synthetic Rutile Plant. Source: 
AMC Mineral Sands Ltd (1989b), EPA (1989b) 
 
It can be seen from a comparison of Tables 7.1 and 7.2 that the list of significant issues identified for each stage 
of the project covers an almost identical suite of subjects. One notable difference, however, relates to the manner 
of presentation for each stage of the project. For example, for the Stage 1 project, the issue of potential impacts 
associated with gaseous waste emissions was identified generally in terms of background air quality at the 
nearest residence to the plant site and stack emission quality. For the Stage 2 project, specific waste gases were 
identified. A second variation between Tables 7.1 and 7.2 relates to a small number of issues that only appear in 
either one of the tables. For example, for the Stage 1 project, the presence of radioactive materials in the mineral 
sands feedstock and plant wastes precipitated human health concerns and the need for ongoing monitoring. 
This issue was resolved to the satisfaction of the EPA and subsequently this issue was not included in the list of 
significant issues for the Stage 2 project (although ongoing radiation monitoring continues). A second example 
concerns the design of effluent dams to accommodate local rainfall in addition to normal project wastewater 
inputs. Although a problem did occur with respect to this issue in practice (as discussed in detail in Section 
7.10), it was subsequently resolved and hence was not included in the list of significant issues for the Stage 2 
project. These differences between the lists of significant issues identified for each stage of the project provide 
some measure of the learning from experience that has occurred for the case study. 
 
The following sections (7.5-7.8) discuss the project findings with reference to the database records for this case 
study. In this discussion, the results for the two stages of the project are combined unless otherwise indicated. 
 
 
7.5  EIA IMPACT PREDICTIONS FOR THE NARNGULU SYNTHETIC RUTILE PLANT 
 
A  total  of  53  impact  predictions  were  identified  in  the  pre-decision  EIA  documentation  for  the  Narngulu 
synthetic  rutile  plant  project.  Of  the  overall  predictions  31  represented  the  Stage  1  project  (60%)  and  22 
represented the Stage 2 project (40%). In the following discussion, the predictions for each stage of the project 
are examined in terms of environmental component and subject, relationship with identified significant issues, 
manner  of  expression,  relationship  with  environmental  management  activities  and  relationship  with  the 
occurrence of observed impacts. 
 
With respect to the environmental component and subject of the overall impact predictions (Table 7.3), the 
majority addressed the physical component of the environment (64%). Two of these related to physical process 
issues involving the chemical and physical properties of processing waste products. The predictions concerning 
water  quality  aspects  related  to  the  operation  and  management  of  the  wastewater  treatment  process  and 
effluent dams, mostly with respect to the risk of spillage or leakage impacting on local groundwater supplies. 
Air quality issues dominated the impact predictions accounting for nearly half of all predictions (47%). These 
predominantly concerned waste gas emissions (particulates, hydrogen sulphide and sulphur oxides) but also 
covered potential dust emissions associated with stockpiling and transporting feed-stocks for the reduction kiln 
plus dry iron oxide wastes on the surface of the effluent dams. It is important to note that whilst specifically 
relating to air quality issues, most of these predictions were also indirectly related to social issues (eg. impact of 
odours on nearby residents resulting from the emission of hydrogen sulphide in the waste gas stream). These 
predictions have only been recorded once in the database, under the principal environmental component (i.e. 
air quality category), to avoid unnecessary repetition. 
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    Overall  Stage 1  Stage 2   
  Component and Subject  Project  Only  Only   
                 
  Physical Component  34  64%  16  50%  18  86%   
    Physical Processes  2  4%  1  3%  1  5%   
    Water Quality  7  13%  4  13%  3  14%   
    Air Quality  25  47%  11  34%  14  67%   
                 
  Social Component  19  36%  16  50%  3  14%   
    Human  11  21%  9  28%  2  9%   
    Economic  8  15%  7  22%  1  5%   
                 
  Total  53  100%  32  100%  21  100%   
                 
Table  7.3  Environmental  Component  and  Subject  of  Predicted  Impacts  for  the  Narngulu  Synthetic  Rutile 
Project. 
 
The remaining 36% of the overall impact predictions addressed the social component of the environment. Most 
of these concerned human health or other related issues (21%) such as noise impacts on nearby residents, risks 
posed by radioactive substances and hazardous materials, and the aesthetic appearance of the plant. The rest 
were expressed in economic terms (15%) which all related to the financial and employment benefits of the 
project. 
 
An interesting feature of Table 7.3 is the absence of particular environmental component and subject categories. 
The most conspicuous absence is that of the biological component of the environment. It is important to note 
here that biological considerations are also not mentioned in the lists of significant issues identified for this case 
study.  Also  missing  are  any  predictions  concerning  landforms/soils  within  the  physical  component  of  the 
environment and recreational issues within the social component of the environment. The explanation for these 
three unrepresented categories would appear to relate to the industrial nature of the case study. In the PER 
documents for both Stage 1 and Stage 2, the location of the project in the previously established Narngulu 
Industrial Estate is strongly emphasised in the sections describing the existing environment of the project area. 
Furthermore, the Stage 1 PER noted the "rural" zoning and land use of the properties surrounding the industrial 
estate before stating the following: 
 
It appears that the estate was created on rural land, as the undeveloped portions support pasture and are 
devoid of natural vegetation. The land is generally flat and featureless. (Associated Minerals Consolidated 
Limited 1985, p8). 
 
The absence of native flora or fauna on either the project site or adjacent land combined with the land use 
zoning  of  the  project  site  for  industrial  purposes  appears  to  have  effectively  eliminated  any  need  for  the 
consideration of biological or recreational issues. However, there is no obvious explanation for the absence of 
impact  predictions  concerning  landform  and  soil  issues,  particularly  given  the  intention  of  rehabilitating 
completed effluent dams in order to return the area into its previous (rural) state (i.e. some predictions on the 
temporary and long-term effects on soil profile and properties could have been made). 
 
The focus of impact predictions on issues of significance was found to vary considerably across the two stages 
of the project (Table 7.4). 
 
                 
    Overall  Stage 1  Stage 2   
  Impact Significance  Project  Only  Only   
                 
  Direct  33  62%  15  47%  18  86%   
  Indirect  8  15%  7  22%  1  5%   
  Not Related  12  23%  10  31%  2  9%   
                 
  Total  53  100%  32  100%  21  100%   
                 
Table 7.4 Significance of Predicted Impacts for the Narngulu Synthetic Rutile Project. 
 
For  the  Stage  1  project,  15  impact  predictions  (47%)  addressed  significant  issues  directly  and  10  impact 
predictions  (31%)  were  not  related  to  significant  issues  at  all.  In  comparison,  18  of  the  Stage  2  impact 
predictions (86%) were directly related and only two predictions (9%) were not related to significant issues. 
What this finding implies is that the proponent has focussed on issues known to be of particular importance to 
decision-makers for the Stage 2 project whilst placing less emphasis on other issues largely external to the focus 
of the EIA process. Scrutiny of the subject matter of individual impact predictions indicated that the latter 
predominantly addressed economic and employment gains resulting from the project. These predictions were   115 
far more prevalent for the Stage 1 project (see Table 7.3) than they were for Stage 2 and were not represented in 
the list of significant issues identified for the project (Tables 7.1 and 7.2). This findings suggests that learning 
from experience with respect to providing a greater focus on issues of importance to the EPA has occurred for 
the project. 
 
Many of the overall Narngulu Synthetic Rutile plant predictions were expressed in general terms only (31 or 
58%). There was no substantial difference between the two project stages for this aspect of the results. A total of 
12 of the overall impact predictions (23%) were expressed in quantitative terms (again similarly distributed 
between the two project stages). These related to quantified rates of gas and liquid emissions or the relevant 
emission criteria to be met, water consumption and re-use rates, and economic benefits of the project. The 
majority of impact predictions overall (28 or 53%) were expressed in vague qualitative terms only. There was no 
association between the manner of expression of predictions (eg. quantification or use of formal predictions as 
opposed to general issue identification only) and related environmental management actions. In other words, 
vague  qualitative  impact  predictions  were  just  as  likely  to  be  associated  with  environmental  management 
actions as quantitative or precise predictions. 
 
Overall, 40 impact predictions (75%) related to the environmental management records for the project in some 
way. Of the 41 impact predictions that addressed significant issues either directly or indirectly, the vast majority 
(37 or 90%) had environmental management records related to them. The majority of the impact predictions not 
related to significant issues (9 out of 12 or 75%) did not have environmental management actions associated 
with them. The implication here is that significant issues have been targeted by environmental management 
programmes. 
 
An environmental impact was recorded for approximately half of the overall impact predictions (28 or 53%) for 
the Narngulu Synthetic Rutile plant. This proportion was identical for each separate stage of the project. There 
was no information available to verify two of the predictions (4%). These involved a prediction concerning air 
quality for each project stage. In both cases, the monitoring undertaken during project implementation and 
operation did not extend to the specific parameters mentioned in the predictions.  
 
Of the remaining 23 impact predictions overall (43%) for which no impact was recorded, most were due to 
either  the  implementation  of  preventative  environmental  management  measures  (10  or  19%)  or  related  to 
impacts that were accurately predicted not to occur (9 or 17%). A marked division of these two outcomes exists 
compared to the two project stages (Table 7.5). 
 
All nine of the impacts accurately predicted not to occur relate to the Stage 1 project while eight of the ten 
impacts  avoided  by  environmental  management  actions  relate  to  the  Stage  2  project.  Inspection  of  the 
individual impact predictions and their outcomes revealed two notable trends relating to this finding. Firstly, 
during the predictive process for the Stage 2 project, lesser emphasis has been placed on predictions of no 
impact. The Stage 1 project has determined the suite of potential impacts that have not occurred in practice (eg. 
noise,  plant  aesthetics  and  human  safety  relating  to  radioactive  wastes)  and  these  have  not  been  further 
considered  in  the  Stage  2  project  documentation.  Secondly,  known  impacts  from  the  Stage  1  project  have 
frequently been avoided in the Stage 2 plant by the successful implementation of appropriate environmental 
management measures. These two trends in the results indicate that some degree of learning from experience 
has occurred over the two stages of the project. 
 
                 
    Overall  Stage 1  Stage 2   
  Why Didn't Impact Occur?  Project  Only  Only   
                 
  EIA Management  10  19%  2  6%  8  38%   
  Accurate Prediction  9  17%  9  28%  0     
  Other  4  7%  3  9%  1  5%   
  No Information  2  4%  1  3%  1  5%   
  Not Applicable  28  53%  17  54%  11  52%   
                 
  Total  53  100%  32  100%  21  100%   
                 
Table 7.5 Reasons Why Predicted Impacts Did Not Eventuate for the Narngulu Synthetic Rutile Project. 
 
There were no examples of inaccurate predictions resulting in the avoidance of an impact. The remaining four 
impacts overall for which no impact occurred (7%) were the result of some sort of other explanation, the most 
common  of  which  was  that  the  predicted  event  had  not  yet  occurred  at  the  time  of  audit  (eg.  particular 
accidents or events relating to project decommissioning). 
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7.6  RECORDED IMPACTS FOR THE NARNGULU SYNTHETIC RUTILE PLANT 
 
A total of 10 environmental impacts were recorded for the Narngulu Synthetic Rutile plant, six for Stage 1 and 
four for Stage 2. In the following discussion, these impacts are examined in terms of environmental component 
and  subject,  manner  of  impact  determination,  their  perceived  significance,  predictive  accuracy,  outcome 
compared to predictions and environmental management response. 
 
The environmental component and subject of these impacts are shown in Table 7.6. Two of the Stage 1 impacts 
affected  the  physical  component  of  the  environment  with  a  single  water  quality  and  air  quality  impact 
recorded. These related to the disposal of excess saline water from the effluent dams by discharge onto the 
ground (and subsequent groundwater infiltration) plus the standard waste gas emissions from the project (eg. 
sulphur  dioxide,  hydrogen  sulphide,  particulates  etc.).  The  latter  represents  an  environmental  impact  in  as 
much as the emissions represent a project induced change in the natural environment (i.e. emission of gases that 
would not normally occur there), although no specific adverse consequential impacts relating to these emissions 
have been detected. 
 
                 
    Overall  Stage 1  Stage 2   
  Component and Subject  Project  Only  Only   
                 
  Physical Component  4  40%  2  34%  2  50%   
    Water Quality  1  10%  1  17%  0  0%   
    Air Quality  3  30%  1  17%  2  50%   
                 
  Social Component  6  60%  4  66%  2  50%   
    Human  2  50%  1  17%  1  25%   
    Economic  4  20%  3  49%  1  25%   
                 
  Total  10  100%  6  100%  4  100%   
                 
Table  7.6  Environmental  Component  and  Subject  of  Recorded  Impacts  for  the  Narngulu  Synthetic  Rutile 
Project. 
 
The four Stage 1 impacts affecting the social component of the environment related to the initial unacceptable 
emissions of hydrogen sulphide gas which resulted in numerous odour complaints from nearby residents, plus 
three  positive  economic  impacts.  These  concerned  improved  transport  efficiency  and  employment  in  the 
transport industry, increased local employment for both plant construction and operation, and increased export 
incomes and government revenue resulting from the project. 
 
The Stage 2 impacts were equally split between the physical and social components of the environment. Two air 
quality  impacts  were  recorded  which  in  a  sense  counter  balance  each  other.  Firstly,  ongoing  waste  gas 
emissions constitute some element of impact on the environment resulting from the project (although again no 
specific adverse consequences had been detected up to the time of audit). Secondly, refinements to processing 
operations (eg. less sulphur feedstock is now added to the reduction kiln which means less hydrogen sulphide 
gas is produced) and upgrading of the pollution control equipment for the combined Stage 1 and 2 operations 
has resulted in improved waste gas emissions under normal operating conditions compared to when the Stage 
1 project only was operational. Hence in effect, a beneficial impact in terms of air quality has resulted with 
implementation of Stage 2 of the project relative to earlier environmental performance. 
 
The two Stage 2 impacts affecting the social component of the environment relate to the additional employment 
and economic benefits of the expanded operations and the occasional complaints received from local residents 
concerning unpleasant odours. The latter only occur under either of the following circumstances (Pers. Comm. 
G. Price, RGC Mineral Sands Ltd, 28 March 1995): 
  during very still wind conditions when mixing of waste gas emissions in the atmosphere is poor; 
  during  power  surges  or  "flicks"  which  directly  affect  the  production  and  pollution  control  processes 
resulting in temporarily higher than normal hydrogen sulphide and other waste gas emissions; and 
  during emergencies or plant shut-downs when pollution control equipment is not completely functioning. 
 
With  respect  to  the  means  of  impact  detection,  none  of  the  impacts  were  identified  by  BACI  monitoring 
techniques. The use of baseline monitoring (10% of impacts) was restricted to the Stage 2 waste gas emissions, 
whereby the monitoring data obtained for the Stage 1 project serves as baseline information. The presence and 
gradual  movement  of  a  saline  mound  of  groundwater  beneath  the  project  site  associated  with  the  ground 
disposal  of  excess  effluent  dam  waters  during  the  Stage  1  project  has  been  determined  from  regular 
groundwater measurements (10% of impacts). The two impacts (20%) associated with complaints from nearby 
residents concerning odour are recorded as observations only. The Stage 2 PER noted that unacceptable air 
quality  has  been  known  to  originate  from  other  sources  of  hydrogen  sulphide  in  the  area  such  as  rotting 
seaweed, crayfish waste at the local landfill site and poorly tuned vehicles using unleaded fuel along the Brand 
Highway (AMC Mineral Sands Ltd 1989b). Complaints concerning the synthetic rutile plant are recorded in a   117 
log book along with the date, time and prevailing weather conditions. This enables complaints to be verified 
against any particular operations information (eg. corresponding with power surges) to determine whether or 
not the plant is the likely cause of the complaint (Pers. Comm. G. Price, RGC Mineral Sands Ltd, 28 March 
1995).  The  remaining  six  recorded  impacts  (60%)  concerning  ongoing  waste  gas  emissions  and  the  various 
economic benefits of the project were all inevitable outcomes. 
 
All  10  recorded  impacts  were  identified  in  impact  predictions  in  some  way,  although  the  odour  problems 
initially experienced with the Stage 1 project represented a new issue that had not been identified in the list of 
significant issues for the project (Table 7.1). Apart from this new issue (which was subsequently specifically 
included in the list of significant issues for the Stage 2 project) and the four economic impacts (40%) which do 
not correspond with the significant issues identified in Tables 7.1 and 7.2, five of the impacts (50%) represent 
significant issues. 
 
A high level of predictive success was recorded with eight of the impacts being accurately predicted to occur 
(80%) and two inaccurately predicted (20%). The latter concerned the initial Stage 1 odour emissions and the 
discharge of excess saline effluent dam water to the ground. In the Stage 1 PER document it was stated that 
odour problems were not expected due to a combination of waste gas containment, recycling, treatment and 
discharge through a tall stack, while all waste water and potential spillage was expected to be contained to 
eliminate the possibility of it reaching the groundwater (Associated Minerals Consolidated Limited 1985). These 
two  impacts  were  therefore  worse  than  expected  by  the  impact  prediction  process.  A  third  impact  (the 
occasional odour complaints received for the Stage 2 project) was also considered to be worse than predicted. 
This impact was considered to have been accurately predicted to occur in as much as the potential for hydrogen 
sulphide gas emissions and associated odours was generally identified in several impact predictions. However, 
it  was  rated  as  worse  than  expected,  because  the  predictions  did  not  suggest  that  an  adverse  impact 
(represented by community complaints) would actually occur. The remaining seven impacts (70%) turned out 
to be the same as predicted. 
 
A variety of reasons why the impacts either differed from or were the same as the original impact predictions 
were evident. Firstly the odour impacts for each of the two project stages (20%) were the result of inaccurate 
predictions as already implied in previous discussion. The saline water discharge impact (10%) was attributed 
in part to poor environmental management. This arose because the water recovery process from the wastewater 
stream directed to the effluent dams was not working as effectively as intended at that particular time. This 
factor combined with a period of heavy rainfall which filled the dams to capacity would have prohibited further 
plant production in order for the proponent to comply with their water management commitments if some 
discharge from the dams had not been permitted (Pers. Comm. G. Price, RGC Mineral Sands Ltd, 28 March 
1995). Improvements to the water recovery process were subsequently implemented and also incorporated into 
the  Stage  2  project  which  has  prevented  the  need  for  any  further  wastewater  discharges.  Six  of  the  seven 
impacts  which  turned  out  to  be  the  same  as  predicted  (60%  overall)  were  inevitable  outcomes  of  project 
implementation. The seventh, however, was the result of a planned environmental management programme 
(10%).  This  impact  concerns  the  improvements  to  air  emissions  achieved  by  the  overall  Stage  2  project 
compared  to  Stage  1  alone  which  is  a  consequence  of  improved  operating  processes  and  the  provision  of 
upgraded pollution control equipment. 
 
The  majority  of  recorded  impacts  have  not  required  a  management  response  (8  or  80%).  These  related  to 
economic and employment benefits associated with the project plus ongoing air emissions. Only the two odour 
impacts  have  warranted  a  management  response.  For  the  Stage  1  project,  a  rectification  response  was 
implemented with respect to the cause of the impact by closing the plant down until improved pollution control 
equipment had been installed. For the Stage 2 project odour complaints have been addressed by maintaining a 
log  book,  as  discussed  previously,  but  also  by  notifying  relevant  authorities  of  any  disruption  to  normal 
operating  conditions  (before  complaints  are  received)  which  the  project  managers  believe  may  cause 
unacceptable odours to be generated (Pers. Comm. G. Price, RGC Mineral Sands Ltd, 28 March 1995). This issue 
is discussed in more detail in Section 7.9. 
 
 
7.7  ENVIRONMENTAL MANAGEMENT OF THE NARNGULU SYNTHETIC RUTILE PLANT 
 
A total of 62 environmental management records were identified for the Narngulu Synthetic Rutile plant of 
which 27 (43%) were for Stage 1 and 35 (57%) were for Stage 2. Given that the Stage 2 project represented an 
upgrading  and  expansion  of  existing  works  only  as  opposed  to  the  additional  issues  associated  with 
commencing  a  whole  new  operation  (eg.  initial  project  design,  construction  and  landscaping),  the  higher 
number of management records for this stage implies that greater emphasis has been placed on management 
issues  than  was  previously  the  case.  In  the  following  discussion,  these  records  are  examined  in  terms  of 
environmental component and subject, level of implementation, relationship with impact prediction and nature 
of environmental management with regard to potential impacts. 
 
The focus of management records in terms of environmental component and subject is shown in Table 7.7. 
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The emphasis of management for both project stages has been on the physical component of the environment. 
Within  this,  the  highest  number  of  management  records  for  Stage  1  addressed  water  quality  issues  (37%) 
followed  by  air  quality  issues  (33%),  whereas  for  Stage  2  the  number  of  air  quality  issues  (49%)  by  far 
outweighed management of water quality issues (31%). The problems encountered for the Stage 1 project with 
waste gas emissions may explain why this issue appears to have been the main focus of attention for the Stage 2 
project. Management of air quality issues included the following: 
  dust control measures for feedstock materials (eg. use of covered conveyor belts); 
  upgraded coal and sulphur feed systems into the reduction kilns installed for Stage 2 (i.e. improves chemical 
reactions and reduces load on the waste gas cleaning and emission system); 
  provision  of  various  components  to  the  waste  gas  treatment  and  emission  system  (eg.  afterburner  and 
packed tower); and 
  maintaining iron oxide waste in wet slurry form to prevent potential dust generation. 
 
                 
    Overall  Stage 1  Stage 2   
  Component and Subject  Project  Only  Only   
                 
  Physical Component  50  81%  21  78%  29  83%   
    Water Quality  21  34%  10  37%  11  31%   
    Air Quality  26  42%  9  33%  17  49%   
    Landform/Soil  3  5%  2  8%  1  3%   
                 
  Social Component (Human)  12  19%  6  22%  6  17%   
                 
  Total  62  100%  27  100%  35  100%   
                 
Table 7.7 Environmental Component and Subject of Environmental Management Records for the Narngulu 
Synthetic Rutile Project. 
 
Management of water quality issues included: 
  containment of liquid wastes and potential spillage to avoid possibility of groundwater contamination (eg. 
provision of concrete flooring and retaining walls plus recovery pumps and pipe-work in all areas of plant 
where liquids are handled); 
  recycling of used liquids (eg. water and sulphuric acid) to the greatest extent possible; 
  provision of impermeable membrane linings for the effluent dams underlain by a leak monitoring system; 
and 
  sealing and rehabilitating completed effluent dams. 
 
The three management records (5%) concerning landform and soil issues relate to the disposal of solid wastes 
(from the reduction kiln) by burial and final site rehabilitation when the plant is decommissioned. 
 
All of the management actions concerning the social component of the environment related to issues affecting 
human health and well being. Examples include: 
  design of the visual appearance of the plant including site landscaping; 
  minimising noise emissions (eg. blowers fitted with filters, silencers and acoustic enclosures); and 
  radiological surveys of the project site to provide information for managers in order to protect plant staff 
from harmful exposure. 
 
A high level of implementation of proposed management actions was recorded (Table 7.8) with 56 management 
actions being implemented in practice overall (90%). The implementation rate for Stage 2 (94%) was higher than 
that for Stage 1 (85%). An explanation for this finding may be due to learning from experience which relates in 
part to the three proposed management actions overall (5%) that were not implemented in practice. These all 
concerned  Stage  1  (11%  of  these  records)  and  all  related  to  commitments  made  by  the  proponent  mostly 
concerning initial project design and operational features which were modified during project implementation. 
In the first case it was originally planned that no plant buildings would be more than half the height of the 
waste gas emission stack in the interests of minimising visual impact. However, the height of the separator 
buildings  have  exceeded  this  level  in  practice.  Secondly,  plans  to  transport  solid  waste  to  the  mine site  in 
Eneabba for burial in mined pit areas were abandoned in favour of burial at the Narngulu site. Thirdly, a 
commitment not to discharge liquid wastes into the environment was not followed on the single occasion in 
which water from full effluent dams was pumped onto the ground. These factors were fully resolved by the 
time the Stage 2 plant was constructed. Hence for the Stage 2 project, it would appear that previous operations 
experience enabled a management programme to be designed which could be fully implemented in practice. 
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  Was  Proposed  Management  Action 
Implemented? 
Overall 
Project 
Stage 1 Only  Stage 2 Only  
                 
  Total Yes Categories  56  90%  23  85%  33  93%   
    Yes in Detail  41  66%  16  59%  25  71%   
    Yes in Part  10  16%  6  22%  4  11%   
    Yes in Effect  5  8%  1  4%  4  11%   
                 
  Not Applicable Yet  3  5%  1  4%  2  7%   
  No  3  5%  3  11%  0  0%   
                 
  Total  62  100%  27  100%  35  100%   
                 
Table 7.8 Implementation of Environmental Management Actions for the Narngulu Synthetic Rutile Plant. 
 
One characteristic of the environmental management records identified for the Narngulu Synthetic Rutile plant 
is  that  no  new  actions  were  established  during  project  implementation  which  had  not  previously  been 
identified in the pre-decision EIA documentation for both stages of the project. Furthermore, information was 
available  to  verify  the  implementation  status  of  all  proposed  actions.  Hence  the  scope  of  design  of 
environmental  management  programmes  during  the  assessment  and  decision-making  process  successfully 
accounted for all contingencies experienced up until the time of audit and these could all be verified in practice. 
 
While no new management actions were implemented, a number of the original programmes were altered in 
practice. It is these factors that have produced the "yes in part" and "yes in effect" categories in Table 7.8. 
Examples of the management actions implemented in part include: 
  failure of some pumps and bunds to contain liquid waste spillage during the Stage 1 commissioning stage. 
(The escaped liquids were subsequently retrieved from the stormwater drainage system for treatment and 
proper disposal); 
  a commitment to use double lining in all effluent dams and provide them with a leak monitoring system was 
not extended to the iron oxide dams which are single lined and have no leak detection or collection facilities; 
and 
  a commitment to provide the Stage 2 plant with an afterburner and a packed tower as part of the waste gas 
treatment system was only partly implemented in that the tower cleaning unit is not actually a packed 
tower. 
Examples of management actions implemented in alternative ways to the original planning include: 
  the planned waste liquid system for the Stage 2 plant involved a seven stage treatment process. Subsequent 
technological advances in reverse osmosis treatment processes has resulted in a four stage process being 
installed instead; 
  the need for an improved sulphur feed system planned for the Stage 2 plant (designed to improve waste gas 
emissions) was avoided by changes to the production process which resulted in significant reductions in the 
amount of sulphur feedstock required in the first place (20% of former levels) and which achieves the same 
air quality objectives; and 
  changes to original landscaping and other project design features aimed at managing external noise levels 
which achieved the same end result by different means (no noise impacts were recorded for the project). 
 
The  three  management  records  that  were  not  applicable  at  the  time  of  audit  included  a  commitment  to 
undertake monitoring and to remedy any unacceptable noise impact should the situation arise (not required to 
date) plus two actions relating to project decommissioning and rehabilitation. 
 
The majority of management records (56 records or 90%) were related to impact predictions in some way. It 
would appear from this that the design of environmental management strategies for the Narngulu Synthetic 
Rutile plant has largely been in association with the impact prediction process. This is supported by the Stage 1 
PER in which it is stated that: 
 
The principle objective of the waste product management system of the project is to eliminate or minimise all 
environmental impacts. (Associated Minerals Consolidated Limited 1985, p14). 
 
Hence it would appear that the proponent's environmental management programme has been designed with 
specific reference to their previously identified potential impacts. 
 
The nature of environmental management records for the synthetic rutile plant is shown in Table 7.9. 
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  Nature of Management Actions  Overall 
Project 
Stage 1 Only  Stage 2 Only  
                 
  Avoidance of Impact  3  5%  3  11%  0  0%   
  Initial Impact Minimisation  9  14%  7  26%  2  6%   
  Ongoing Impact Minimisation  44  71%  15  56%  29  83%   
  Rectification or Rehabilitation  6  10%  2  7%  4  11%   
                 
  Total  62  100%  27  100%  35  100%   
                 
Table 7.9 Classification of the Nature of Environmental Management Actions for the Narngulu Synthetic Rutile 
Plant with Respect to Potential Environmental Impacts. 
 
Compared to Stage 2 a higher proportion of the Stage 1 management actions sought to avoid impacts outright 
and to initially minimise impacts. Examples of these include: 
  containment of all waste water and potential spillage to avoid possibility of groundwater contamination; 
  landscaping and other project design features to ensure that external noise levels are managed; and 
  storage of hazardous chemicals including contingencies to recover spillage implemented in accordance with 
Department of Mines Explosives and Dangerous Goods Division. 
Most of these management actions relate to initial design features or operational procedures established for 
Stage 1 and carried over automatically into Stage 2. Given that Stage 2 was basically an extension of Stage 1, it is 
not  surprising  that  relatively  few  management  actions  sought  to  initially  minimise  environmental 
consequences,  since  these  actions  were  already  largely  implemented.  Instead,  the  emphasis  of  the  Stage  2 
management has been on the minimisation of ongoing environmental impacts. Examples of these include: 
  operation  of  waste  gas  collection  and  treatment  system  (includes  numerous  individual  actions  and 
commitments); 
  operation of effluent dam leak detection and recovery system; 
  ongoing landscaping to improve the visual appearance of the plant; and 
  ongoing radiological surveys. 
 
The management actions concerning rectification or rehabilitation measures mostly relate to future events not 
applicable at the time of audit. Two exceptions to this were commitments for the rehabilitation of kiln solid 
waste burial sites which has been ongoing and rehabilitation of completed effluent disposal dams. At the time 
of audit the first completed effluent disposal dam was undergoing the initial stages of rehabilitation works. 
 
 
7.8  ENVIRONMENTAL MONITORING OF THE NARNGULU SYNTHETIC RUTILE PLANT 
 
A  total  of  17  monitoring  records  were  identified  for  the  Narngulu  Synthetic  Rutile  plant.  These  were 
approximately evenly divided between the two project stages with eight related to Stage 1 and nine related to 
Stage 2. In many cases, the Stage 2 monitoring programmes represent a continuation of Stage 1 programmes 
(eg.  emission  gas  quality)  while  others  represent  repetition  of  previous  programmes  (eg.  periodic  noise 
sampling on and around the project site). 
 
Due to confidential technology and processes utilised by RGC Mineral Sands Ltd, access to monitoring reports 
was  denied.  Information  for  this  component  of  the  research  was  based  solely  on  an  interview  with  a  staff 
member. For several of the specific database fields used in the study, this has meant that no information was 
available to adequately address them. In the following discussion, the monitoring records are examined in 
terms of environmental component and subject, origin of monitoring, relationship with identified significant 
issues,  relationship  with  environmental  management  activities  and  the  scientific  rigour  of  the  monitoring 
techniques used. 
 
The component and subject of environmental monitoring records is presented in Table 7.10. There was little 
difference between Stage 1 and Stage 2 monitoring in terms of environmental component. However, in terms of 
the subject categories, greater emphasis was placed on water quality issues for Stage 2 compared to Stage 1, 
although air quality issues dominated overall. Water quality monitoring for Stage 1 comprised solely of leak 
detection below effluent dams whereas for Stage 2 groundwater monitoring and evaporation dam water quality 
monitoring has been conducted in addition to leak detection programmes. Air quality monitoring for Stage 1 
included waste gas stack emission quality (particulates, hydrogen sulphide and sulphur dioxide), background 
air quality at the nearest residence (same parameters) and work place air quality (same parameters plus carbon 
monoxide which occurs in the reduction kilns). Air quality monitoring for Stage 2 included continued stack 
emission  quality,  hydrogen  sulphide  emissions  (based  on  any  complaints  received)  and  airborne  dust 
concentrations at the plant boundary. 
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The social component monitoring all concerned issues affecting human health or well-being. The monitoring 
comprised of radiological surveys to determine worker exposure to radiation levels, plus on-site and off-site 
noise monitoring. 
 
The majority of monitoring records were proposed in the pre-development EIA documentation (15 records or 
88%) and all of these were implemented in practice. The two monitoring records that were not previously 
identified (22%) concerned evaporation dam water quality and airborne dust concentrations. The former is 
conducted in conjunction with groundwater monitoring so that it would be possible to determine any probable 
project source of contamination should groundwater monitoring identify that a problem existed. A proposal for 
groundwater monitoring was made in the Stage 2 PER and the lack of mention of effluent dam water quality 
testing was probably an oversight given its connection to this programme. The dust monitoring was initiated in 
response to a complaint received from an adjacent landowner. The particular problem was traced back to an 
independent contractor crushing material for the plant. The crushing equipment was subsequently upgraded 
and regular dust monitoring has been undertaken at the plant boundaries since. 
 
 
                 
    Overall  Stage 1  Stage 2   
  Component and Subject  Project  Only  Only   
                 
  Physical Component  13  76%  6  75%  7  78%   
    Water Quality  4  24%  1  12%  3  33%   
    Air Quality  9  52%  5  63%  4  45%   
                 
  Social Component (Human)  4  24%  2  25%  2  22%   
                 
  Total  10  100%  8  100%  9  100%   
                 
Table  7.10  Environmental  Component  and  Subject  of  Environmental  Monitoring  Records  for  the  Narngulu 
Synthetic Rutile Project. 
All monitoring actions were related to significant environmental issues identified for the project (Tables 7.1 and 
7.2) in some way. A total of 14 were directly related to significant issues (82%) and three (18%) were indirectly 
related. In addition to the significance of the issues monitored, 16 monitoring records (94%) had some sort of 
management action associated with them. This implies that monitoring has been conducted in conjunction with 
environmental  management  programmes  and  has  focussed  on  important  issues.  The  single  monitoring 
programme not associated with environmental management actions was the work place air quality monitoring. 
 
With respect to the rigour of monitoring, only one example of BACI monitoring was recorded (6%). This was 
the Stage 2 groundwater monitoring for which control sites were established and for which baseline data from 
the original environmental investigations during preparation of the Stage 1 PER was available. 
 
The majority of monitoring fell into the two categories of simple measurement with no use of control sites or 
baseline monitoring. Regular sampling and measurement programmes accounted for seven monitoring records 
(41%)  and  included  all  emissions  testing,  work  place  air  quality  (monitored  by  fixed  alarm  monitors)  plus 
effluent dam leakage and water quality monitoring. Occasional sampling and measurement activity accounted 
for eight monitoring records (47%) and included all noise monitoring, radiological surveys, dust monitoring 
and air quality testing at the nearest residence. All of the parameters monitored in these two ways concern 
direct plant emissions. Most of them are standard aspects of industrial developments (eg. noise, dust and gas 
emissions)  for  which  levels  of  acceptable  emissions,  particularly  with  regard  to  human  health,  have  been 
established.  Hence  the  use  of  simple  measurements  is  sufficient  to  determine  whether  or  not  a  problem 
emission level is occurring. 
 
Simple observation was used for only one monitoring record (6%). Odour monitoring, in the form of keeping a 
register of complaints received, is based on personal observations only by the public and plant staff. 
 
Throughout the EIA process for the Narngulu Synthetic Rutile plant, considerable attention has been focussed 
on  the  issue  of  waste  emissions.  The  following  section  discusses  two  important  issues  relating  to  the 
management of waste products for the case study. 
 
 
7.9  MANAGEMENT  OF  GASEOUS  AND  LIQUID  WASTES  FOR  THE  NARNGULU  SYNTHETIC 
RUTILE PLANT 
 
The management of waste products and emissions from the Narngulu Synthetic Rutile plant constitute the 
major  significant  issues  identified  for  this  case  study  (Tables  7.1  and  7.2)  and  have  been  shown  to  have 
dominated  each  of  the  impact  prediction,  occurrence  of  impacts,  environmental  management  and 
environmental  monitoring  components  of  the  EIA  process  (Sections  7.5-7.8).  Two  issues  in  particular,  have   122 
received the greatest amount of attention. These concern the waste gas emissions and the effluent dams and are 
now discussed in some detail. 
 
 
7.9.1  GASEOUS EMISSIONS 
 
The production of various waste gases is an inevitable consequence for the processing technology utilised in the 
synthetic rutile plant. One gas of particular concern is hydrogen sulphide which can be generated at various 
stages in the production process and has the potential to cause nuisance or worse odour problems. As discussed 
previously in Section 7.2, the Stage 1 emissions of hydrogen sulphide gas were so problematic as to require the 
plant to be shut down until the pollution control equipment was significantly improved. The possibility of this 
impact was identified in impact predictions but was not expected to occur. In the original PER document for the 
Stage 1 project it was stated that:  
 
The combination of gas containment, recycling, treatment and discharge through a tall stack will eliminate 
any  discernible  smell  of  gases  from  the  project.  The  application  of  the  appropriate  emission  standards  is 
understood to minimise any other environmental impacts (Associated Minerals Consolidated Limited 1985, 
p20). 
 
Hence the proponents believed that not only would their proposed management actions be effective, but that 
adoption of acceptable levels of emissions would equate with an acceptable environmental performance being 
obtained. However, no guideline emission standard for hydrogen sulphide gas (i.e. the major odour producing 
substance) was identified in the Stage 1 PER. The proponent only identified and made commitments to comply 
with mission standards for total solids and total sulphur oxides concentrations in exhaust gases (Associated 
Minerals  Consolidated  Limited  1985,  p18).  The  proposed  pollution  control  equipment  did  not  function 
adequately in practice resulting in a pollution abatement notice being served on the proponent. 
 
In discussing this issue in the PER document for the Stage 2 project it was stated that: 
 
...it is clear from operating experience that very light easterly winds may occur as a land breeze during the 
hours of darkness. Under these conditions, exhaust gas dispersion is poor, and undesirable levels of odorous 
gases can be detected as smells in housing areas along the Brand Highway. This phenomenon, coupled with 
higher than predicted hydrogen sulphide concentrations in the original stack exhaust, led to unsatisfactory 
environmental performance of the plant in mid-1987. (AMC Mineral Sands Ltd 1989b, p11). 
 
Clearly, during the impact prediction process for the original PER document, the full range of background 
climatic conditions plus the possibility of a lesser than expected operational performance had not been taken 
into consideration. 
 
The Stage 2 PER document also noted some problems with the monitoring capabilities of the Stage 1 facilities 
stating that: 
 
The installed measuring equipment was not capable of measuring hydrogen sulphide gas which has a distinct 
"rotten eggs" odour even in very low concentrations. This lack of monitoring coupled with the phenomena 
explained above, led to some instances of unacceptable air quality during 1987. (AMC Mineral Sands Ltd 
1989b, p11). 
 
In the absence of emission standards for hydrogen sulphide, only dust and sulphur dioxide levels were being 
monitored for the project and both of these were found to comply with the necessary emission standards (AMC 
Mineral  Sands  Ltd  1989b).  This  is  a  good  example  of  a  limitation  of  compliance  auditing  with  respect  to 
environmental  performance.  Despite  the  fact  that  the  proponent  was  operating  the  project  in  complete 
compliance with established emission criteria, an unacceptable environmental impact was actually occurring. 
The  Stage  2  PER  subsequently  documented  the  operational  restrictions  imposed  until  new  gas  cleaning 
equipment was designed, ordered, installed and commissioned. This was found to reduce hydrogen sulphide 
emissions to satisfactory levels below the odour threshold (AMC Mineral Sands Ltd 1989b). The Stage 2 PER 
then proposed the installation of further improved pollution control equipment for the Stage 1 project and for 
the Stage 2 project. 
 
During an interview with one of the proponent's staff members, it was acknowledged that the proponent did 
not manage the odour issue for Stage 1 effectively. Apart from the inadequacies of the original pollution control 
equipment installed, it was suggested that the initial odour problems were partly exacerbated by two other 
factors. Firstly, the industrial site is close to the town of Geraldton and secondly that this scale of industry was 
new to the region. Because of these factors, the community was both alert and sensitive to potential adverse 
outcomes. When the Stage 1 project first opened there were no environmental staff employed by the proponent. 
Further, the proponent tended to ignore complaints and problems when they arose, rather than respond to 
them. This approach did not succeed in resolving conflicts with the local community. Following the problems 
associated with their operations, the proponent now takes both responsive and pro-active action to deal with 
community concern. When odour complaints are received, the proponent keeps a record in a log book along 
with any observations on current climatic conditions and operating circumstances. They also notify the two   123 
local government departments in the vicinity of the plant site of the complaints so that they are aware of the 
situation.  This  notification  and  communication  process  alone  has  been  found  to  alleviate  many  of  the 
community concerns with the project operations. The proponent also now employs a full-time environmental 
officer who is responsible for finding ways in which to improve the environmental performance of the plant on 
an ongoing basis (Pers. comm. G. Price, RGC Mineral Sands Limited, 28 March 1995). 
 
Odour complaints continue to be recorded for the improved performance of the Stage 2 project from time to 
time. These mostly occur during low wind occasions when atmospheric mixing and dilution will be minimal. In 
addition, the production process equipment is extremely sensitive to power fluctuations. Electricity supplies 
come from power stations south of Perth (over 500km distant) and build-up of dust on the lines combined with 
moisture (eg. rain) frequently cause small power "flicks". These affect the operation of the production process 
and pollution control equipment and can result in temporary increased odour emissions (Pers. comm. G. Price, 
RGC Mineral Sands Limited, 28 March 1995). 
 
In addition to managing the community complaints and concerns regarding the odour issue, the proponent has 
constantly  sought  to  improve  environmental  performance  through  modifications  and  refinements  to  the 
production process. Many of these factors relate to confidential production techniques and chemical processes 
which seek to improve the quality of the final plant product and/or production efficiency. This factor has direct 
bearing  on  the  economic  competitiveness  of  operations.  While  the  details  of  these  refinements  were  not 
revealed during the audit, one change that has occurred has been an ongoing reduction in the quantity of 
sulphur feed entering the reduction kiln. It is planned that the process will eventually not require the use of any 
sulphur  feed  material  at  all  (Pers.  comm.  G.  Price,  RGC  Mineral  Sands  Limited,  28  March  1995).  The 
consequences  of  this  in  terms  of  environmental  performance  will  be  the  complete  elimination  of  hydrogen 
sulphide production in the first place, thereby eliminating any potential for the associated odour impacts to 
occur. 
 
 
7.9.2  WASTEWATER EFFLUENT DAMS 
 
The synthetic rutile production process generates considerable volumes of liquid effluent which are discharged 
into lined dams for solar drying. Prior to final disposal in the dams, the liquid effluent is treated and processed 
in order to recover as much water as practicable. The recovered water is fed back into the production process 
which minimises the requirements for fresh water supplies. A key component of the wastewater treatment and 
disposal system was the construction of adequately sized dams to retain the non-recyclable portion of the liquid 
wastes and the sealing of the dams with impermeable membranes to prevent any seepage of effluent into the 
groundwater beneath the project site. This was proposed in the Stage 1 PER document where it was stated that 
"the only liquid waste to leave the [production] process will be in the form of vapour due to evaporation" 
(Associated Minerals Consolidated Limited 1985, p18). In practice, the water recovery process did not initially 
operate as well as intended. Following a period of heavy rainfall in 1990, the effluent disposal ponds filled to 
capacity resulting in the proponent seeking permission from the EPA to discharge some of the water to the 
ground on the project site. Permission was granted and the spread and movement of the resulting saline plume 
of  groundwater  beneath  part  of  the  project  site  has  subsequently  been  monitored  by  the  proponent  (Pers. 
comm. G. Price, RGC Mineral Sands Limited, 28 March 1995). 
 
Process operations and management practices were changed to ensure that the same problem did not arise 
again for the Stage 1 project. The failure and subsequent amendment of the original water recovery process was 
acknowledged in the Stage 2 PER document as follows: 
 
Following a period of unsatisfactory operation of the original water recovery plant at Narngulu, the process 
has  now  been  developed  to  a  stage  of  satisfactory  and  reliable  operation.  The  significant  improvements 
needed to this process will be incorporated into the expanded plant. (AMC Mineral Sands Ltd 1989b, p19). 
 
The learning from experience that had occurred allowed for the design of a significantly improved operation. 
The Stage 2 design was such that it lead the EPA to conclude that: 
 
The  expansion  and  upgrade  of  the  waste  treatment  system  offers  the  potential  to  operate  at  a  level 
significantly better than the minimum required by the Environmental Protection Authority. (EPA 1989b, p6). 
 
In  practice  the  upgraded  and  expanded  water  recovery  process  and  lined  effluent  disposal  dams  have 
functioned as intended, with no leakage or other discharge to groundwater occurring (Pers. comm. G. Price, 
RGC Mineral Sands Limited, 28 March 1995). Hence this is an example of learning from experience which has 
resulted in improved environmental management and performance. 
 
Having  discussed  the  database  results  obtained  for  the  Narngulu  Synthetic  Rutile  plant  and  examined 
management of the two main waste emissions in some detail, the final section in this chapter explores the 
relationship between EIA and environmental management for this project. 
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7.10  THE  INFLUENCE  OF  EIA  ON  ENVIRONMENTAL  MANAGEMENT  FOR  THE  NARNGULU 
SYNTHETIC RUTILE PLANT 
 
The purpose of this discussion is to examine the extent to which the EIA process has influenced environmental 
management activities for the Narngulu Synthetic Rutile plant. Consideration is given to identifying when this 
influence  occurred  with  respect  to  the  theoretical  EIA/environmental  management  model  and  how  this 
influence  came  about  (i.e.  evidence  of  external  or  internal  pressures  on  proponents  or  the  level  of  rational 
processes). 
 
 
7.10.1  DID  EIA  INFLUENCE  ENVIRONMENTAL  MANAGEMENT  FOR  THE  NARNGULU 
SYNTHETIC RUTILE PLANT? 
 
In  seeking  to  determine  the  influence  of  EIA  on  environmental  management  activities  for  the  Narngulu 
Synthetic Rutile plant, problems have been encountered due to the lack of access to confidential monitoring 
reports  and  information  concerning  the  synthetic  rutile  production  process.  This  makes  it  impossible  to 
distinguish between actions implemented on environmental grounds (which may relate to the EIA process) and 
those which relate to opportunities to improve production efficiency or product quality, or situations where 
both  factors  may  apply.  For  example,  the  total  containment  of  liquid  wastes  and  subsequent  treatment  for 
recycling has environmental benefits in terms of avoiding groundwater contamination. This also has direct 
operational benefits in that it minimises the need for the construction of additional costly lined effluent disposal 
dams and reduces the overall water requirements of the plant which have to be purchased from an external 
supplier  (Pers.  Comm.  G.  Price,  RGC  Mineral  Sands  Ltd,  28  March  1995).  With  other  issues,  such  as  the 
progressive reductions in the amount of sulphur added to the reduction kilns, there is a clear environmental 
benefit  (i.e.  reduced  production  of  hydrogen  sulphide  and  sulphur  dioxide  emissions)  but  any  operational 
benefits that may also have motivated these process modifications are unknown. 
 
Despite this uncertainty, it is argued that at least some part of the environmental management programme for 
the Narngulu Synthetic Rutile plant can be attributed to the EIA process. The discussion of database results for 
the project has presented numerous examples of the influence of EIA on environmental management. Rather 
than  duplicate  this  discussion  here,  some  of  the  key  examples  of  the  influence  of  EIA  on  environmental 
management for the project can be summarised as: 
  the increased focus on significant issues evident in the Stage 2 project impact predictions; 
  the tendency for impact predictions addressing issues of significance to the EPA to have environmental 
management  actions  related  to  them  which  suggests  that  the  EIA  scoping  process  has  successfully 
influenced management activities; 
  the implementation of environmental management actions which successfully avoided the occurrence of 
19% of predicted impacts; 
  all  recorded  impacts  were  identified  during  the  impact  prediction  process  in  some  way  and  those  that 
warranted an environmental management response have been addressed by the proponent; 
  a greater emphasis on ongoing environmental management was evident for the Stage 2 project compared to 
Stage 1; 
  all environmental management actions were identified in the pre-decision EIA documentation and a high 
rate of implementation of (90%) was recorded; 
  environmental management actions were closely related to the impact prediction process (90%); 
  the majority of environmental management actions pro-actively sought to minimise the extent of initial or 
ongoing impacts; 
  all monitoring activities related to issues of significance to the EPA and all programmes were implemented 
in practice; and 
  nearly all monitoring activities (94%) were associated with environmental management actions in some way. 
 
Collectively, these examples provide strong evidence of the EIA process significantly influencing environmental 
management  activities  for  this  case  study.  In  particular  there  is  evidence  of  improved  environmental 
management performance in the latter operation of Stage 1 and the overall Stage 2 of the project compared to 
the initial commissioning of Stage 1. The next section considers the timing of EIA influence. 
 
 
7.10.2  WHEN DID THE INFLUENCE OF EIA ON ENVIRONMENTAL MANAGEMENT OCCUR FOR 
THE NARNGULU SYNTHETIC RUTILE PLANT? 
 
The  timing  of  the  influence  of  EIA  activities  on  the  Narngulu  Synthetic  Rutile  plant  with  respect  to  the 
theoretical EIA/environmental management model is depicted in Figure 7.2. It can be seen that the pre-decision 
prediction process successfully identified all of the actual impacts that were recorded in practice (although as 
discussed previously, they were not all accurately forecast). Hence there were no new or post-decision stage 
impacts identified. The environmental management and monitoring activities were influenced by several stages 
of the EIA process and are now discussed in greater detail.   125 
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Figure 7.2. Origin of Environmental Management and Monitoring Activities for the Narngulu Synthetic Rutile 
Plant With Respect to the Principal Decision Point. 
 
All of the 62 recorded environmental management actions for the project were established in the pre-decision 
EIA documentation in some way. Overall, 13 of these (21%) fell into the transitional category. However, the 
proportion of transitional environmental management actions varied considerably between the two stages of 
the projects. 
 
For the Stage 1 project, four of the 27 records (15%) were classified as transitional activities. These all stemmed 
from  EPA  recommendations  for  the  proponent  to  finalise  design  and  operational  details  concerning  dust 
emissions, storage of hazardous chemicals, wastewater effluent dams and radioactive materials. In each case it 
was  recommended  that  the  proponent  either  prepare  an  appropriate  management  plan  detailing  how  that 
aspect of the project was to be managed or otherwise to seek the explicit approval of other relevant government 
agencies (eg. the design and construction of wastewater effluent dams were to be approved by the Public Works 
Department).  
 
For the Stage 2 project, nine of the 35 records (26%) were classified as transitional activities. These were a 
mixture of proponent commitments and EPA recommendations that were subsequently formulated into legally 
binding conditions of approval. Two of these conditions involved a requirement for the proponent to prepare 
management  plans  to  the  satisfaction  of  the  EPA.  Firstly,  a  contingency  plan  for  the  waste  management 
facilities.  Secondly  an  environmental  monitoring  and  management  programme  addressing  the  proposed 
wastewater  effluent  pond  leak  detection  system  and  groundwater  monitoring  plus  dust,  noise  and  stack 
emissions. The remaining transitional records concerned the management of individually identified aspects of 
the project to the satisfaction of EPA (eg. iron oxide waste dusting, operational noise control, dust emissions, 
gas  emissions,  sulphur  dioxide  emissions  and  final  plant  decommissioning  and  rehabilitation).  It  is 
acknowledged  that  some  overlap  exists  between  these  separate  approval  conditions  (eg.  sulphur  dioxide 
emissions would form a subset of gas emissions). During database entry, these were not amalgamated as they 
were specifically addressed separately by the proponent and the EPA and there was no direct duplication in 
terms of their content. The inclusion of particular environmental management issues in more than one approval 
condition,  however,  may  explain  the  higher  proportion  of  transitional  environmental  management  records 
identified for the Stage 2 project compared to Stage 1.  
 
The 17 environmental monitoring records displayed a much different distribution with respect to the three 
stages of EIA. Overall, only seven records (41%) fell into the pre-decision category. These related to proponent 
commitments to monitor wastewater effluent dam leakage, stack emission quality, work place air quality, work 
place  noise  levels,  off-site  noise  levels,  groundwater  quality  and  hydrogen  sulphide  levels  (based  on  the 
complaints register). Eight monitoring records overall (47%) fell into the transitional category. For the Stage 1 
project, the transitional monitoring records arose from two EPA recommendations concerning the development 
of  an  environmental  monitoring  programme  for  radiation  and  air  quality.  For  the  Stage  2  project,  the 
transitional monitoring records concerned proponent commitments relating to the extension of many of the 
Stage 1 programmes. Two monitoring records (12%) were new programmes initiated during the post-decision 
stages of the project. These involved water quality monitoring of stormwater runoff during commissioning of 
Stage 2 when some leakages occurred within the plant, plus dust monitoring at the plant boundary in response 
to a complaint received from an adjacent landowner. In the latter case, the problem was traced back to an 
independent operator who was crushing material for use in the plant and the dust control equipment utilised   126 
was  subsequently  upgraded.  There  were  no  notable  differences  in  the  proportion  of  monitoring  records 
influenced by each of the three EIA stages for the two stages of the project. 
 
Overall, with the exception of two monitoring records, most EIA activities were originally conceived during the 
pre-decision stage of the EIA process for the Narngulu Synthetic Rutile plant. In terms of management and 
monitoring activities, considerable emphasis has been placed on a transitional approach, whereby management 
objectives were established during project approval providing for flexible delivery in the detailed design and 
operation of the plant.  
 
 
7.10.3  HOW  DID  THE  ENVIRONMENTAL  MANAGEMENT  ACTIVITIES  FOR  THE  NARNGULU 
SYNTHETIC RUTILE PLANT COME ABOUT? 
 
The last point to consider is how the environmental management activities recorded for the Narngulu Synthetic 
Rutile plant came about in the first place. The following discussion focuses on the possible influence of external 
pressures, internal pressures and rational reforms. 
 
There is clear evidence of external pressure influencing management of the synthetic rutile plant for both stages 
of the project and this is particularly evident for the issue of gaseous and odour emissions. Established external 
emission criteria for particulates and sulphur dioxide were adopted by the proponent for the Stage 1 project. 
Compliance  with  these  was  not,  however,  able  to  avoid  the  problems  experienced  with  odour  emissions. 
External pressure in the form of the large number of public complaints concerning hydrogen sulphide odours 
resulted in the EPA requiring the proponent to cease operations until upgraded pollution control equipment 
was installed. This sequence of events at the beginning of the project operations appears to have sensitised both 
the surrounding community and the proponent to the odour issue on an ongoing basis. The proponent now 
specifically  monitors  operational  performance  and  ambient  environmental  conditions  in  relation  to  the 
possibility  of  odour  impacts  occurring  and  attempts  to  pre-empt  the  likelihood  of  community  complaints. 
Management  of  this  issue  has  resulted  in  ongoing  refinements  to  the  both  the  production  process  and  the 
pollution  control  equipment  utilised  in  order  to  minimise  the  emission  of  hydrogen  sulphide  and  other 
nuisance gases. 
 
A second example of the proponent responding to external pressure related to the monitoring of airborne dust 
concentrations at the plant boundary in response to a complaint from an adjacent landowner. In this case, the 
proponent was not at fault, but traced the source of pollution back to an independent operator responsible for 
crushing  feedstock  material  for  use  by  the  synthetic  rutile  plant.  Improved  dust  control  equipment  was 
subsequently installed on the crushing operation. 
 
A possible third area of external influence relates to technological improvement over the life of the project. For 
example, advancements in the reverse osmosis technology enabled the water treatment and recycling process to 
be simplified. Although the details of the gaseous waste control system were not available during this research, 
it  would  seem  likely  that  technological  advances  have  also  been  made  in  this  area  (i.e.  over  progressive 
upgrades), resulting in improved emissions over time. This is demonstrated by the improved environmental 
performance of the Stage 2 project even though the plant operates at over twice the original output capacity. 
 
In the absence of access to much information surrounding the project operations, it is particularly difficult to 
identify the influence of internal reforms on project management. While a number of possibilities are raised 
here,  it  is  conceivable  that  the  motivating  factor  may  have  related  to  other  reasons.  One  example  is  the 
employment of a full-time environmental officer who is responsible for seeking ways in which to improve the 
ongoing  environmental  performance  of  the  plant.  This  position  was  created  after  the  initial  problems  with 
odour emissions for the Stage 1 project and consequently it could be argued that the motivating factor resulted 
from the external pressures relating to this issue rather than from an internally driven commitment to reform. A 
second example relates to the incremental improvements in environmental performance with respect to gaseous 
emissions. Through refinements to the production process, the amount of sulphur feed needed in the reduction 
kiln has been reduced accompanied by a reduction in the amount of sulphur dioxide and hydrogen sulphide 
emissions produced. It is not clear whether this improvement in environmental performance is reflective of the 
proponent's  own  commitment  to  environmental  management  or  is  simply  a  by-product  of  commercially 
motivated changes to production processes. 
 
Evidence of rational influences are also difficult to identify in the absence of monitoring report access. Hence, it 
is not possible to comment on the technical nature of monitoring and the manner in which this information was 
utilised  for  project  management.  However,  some  database  results  imply  the  influence  of  other  rational 
processes, including learning from experience. For example, the Stage 2 project impact predictions were more 
focussed on issues of significance to the EPA compared to the Stage 1 predictions. The outcome of this was that 
most significant impact predictions had environmental management actions associated with them and these 
actions  were  all  identified  in  the  pre-decision  EIA  documentation.  The  implication  here  is  that  a  rational 
sequence of impact identification, consideration of impact significance and subsequent design of appropriate   127 
environmental management strategies occurred during the pre-decision EIA process. This was followed up by 
the implementation of these strategies as planned during project construction and operation. 
 
In conclusion, a variety of influences have contributed to the environmental management regime established for 
the  Narngulu  Synthetic  Rutile  Plant.  Overall,  the  pre-decision  stages  of  the  process  made  the  greatest 
contribution  to  management  in  terms  of  successfully  identifying  environmental  impacts  and  providing  for 
ongoing  environmental  management  and  monitoring.  Some  of  this  ongoing  attention  was  established  by 
transitional  activities.  There  is  strong  evidence  of  external  influences  on  management  of  the  project  and  a 
potential role for both internal and rational reforms has also been identified. 
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CHAPTER 8  SODIUM CYANIDE PLANT 
 
8.1  INTRODUCTION 
 
This case study is an industrial plant that manufactures sodium cyanide for use by the gold mining industry in 
the extraction of the metal from gold bearing ore. Discussion commences with a description of the project and 
the EIA process that it has been subjected to. The list of significant issues identified during the EIA process are 
then  identified  followed  by  four  sections  which  present  the  database  findings  for  this  case  study.  This  is 
followed by a section discussing the management of risk for the Sodium Cyanide plant. The final section of the 
chapter examines the relationship between EIA and environmental management for the project. 
 
 
8.2  PROJECT OUTLINE AND EIA PROCESS FOR THE SODIUM CYANIDE PLANT 
 
The Sodium Cyanide plant is owned by Australian Gold Reagents Pty Ltd which is a joint venture between 
three organisations. These are CSBP & Farmers Ltd (CSBP) who have the largest share in the project and are 
responsible  for  operational  management,  Coogee  Chemicals  Pty  Ltd  and  Australian  Industry  Development 
Corporation  (Kinhill  Stearns  1986).  The  general  term  proponent  will  be  used  here  in  reference  to  the  joint 
venture between these three organisations in order to avoid any potential confusion. 
 
The plant is located in the Kwinana Industrial Area (see Figure 8.1) which adjoins the coast in the south-west 
Perth Metropolitan Area (approximately 30km south-west of Perth's central business district). The Kwinana 
Industrial  Area  has  been  used  for  heavy  industrial  development  since  1955  and  contains  a  wide  range  of 
industries  (eg.  alumina  refinery,  oil  refinery,  fertiliser  and  chemical  manufacture,  nickel  refinery  etc).  The 
nearest major residential area to the plant site is approximately 2km inland to the south-east. 
 
The  following  sections  describe  the  plant  production  process,  waste  products  and  some  of  the  related 
environmental concerns. The history of the plant in terms of EIA is described in Section 8.2.4. 
 
 
8.2.1  PRODUCTION PROCESS 
 
Sodium cyanide is used as a leaching agent to selectively recover pure gold particles from gold ore and has 
been widely used in the gold mining industry since this method of extracting gold was discovered in the 1890's 
(Kinhill Engineers Pty Ltd 1988b). In order to understand the environmental issues arising from the production 
of sodium cyanide, it is necessary to consider the materials and processes involved in production. The specific 
technology and production process used in the Sodium Cyanide plant is confidential information held only by 
the proponent. However, sufficient information on the production process is available to identify the major 
potential sources of environmental impact for the project. 
 
The raw materials for the production of sodium cyanide are air, natural gas, ammonia and caustic soda. In 
order to produce 15,000 tonnes per annum (tpa) of sodium cyanide solution, approximately 10,000 tpa each of 
natural gas, ammonia and caustic soda is required (Kinhill Engineers Pty Ltd 1988b). Natural gas is delivered 
by pipeline from a State government operated pipeline near Kwinana Beach Road adjacent to the plant site. 
Liquid ammonia is supplied by a 1,600m pipeline from the Kwinana Nitrogen Company storage tanks located 
north and west of the plant site. Caustic soda solution is obtained from a nearby facility owned by Coogee 
Chemicals Pty Ltd also located within the Kwinana Industrial Area (Kinhill Engineers Pty Ltd 1988b). 
 
In addition to the raw materials used in the production process, nitrogen is required during plant start-up and 
shut-down for purging and control of the process. The nitrogen is provided to the plant from liquid nitrogen 
storage tanks at the plant site. Process and cooling water is also required and this is supplied from the CSBP 
Kwinana works adjacent to the plant site (Kinhill Engineers Pty Ltd 1988b). 
 
The plant utilises the Andrussow process which involves the following steps (Kinhill Engineers Pty Ltd 1988b): 
  Mixing of gases. Natural gas, air and vaporised ammonia enter the process through pipelines and are mixed 
in the correct proportions. 
  Reaction to produce hydrogen cyanide gas. Mixed, preheated gases flow to a reactor, where they are burnt 
over a platinum/rhodium gauze to form hydrogen cyanide gas and waste gases containing water, carbon 
dioxide and nitrogen.   129 
 
Figure 8.1 Location of the Sodium Cyanide Plant   130 
  Absorption. The gases from the reactor pass to an absorption tower irrigated with caustic soda. The reaction 
of hydrogen cyanide gas with caustic soda solution is controlled to produce a solution of sodium cyanide 
(30%  sodium  cyanide)  which  is  pumped  to  the  product  storage  tanks.  The  absorption  of  the  hydrogen 
cyanide  into  the  caustic  soda  is  a  chemical  reaction  between  the  two  substances,  not  simply  a  physical 
absorption. 
  Incineration.  The  gas  leaving  the  absorption  tower,  which  contains  a  small  concentration  of  hydrogen 
cyanide, hydrogen and unreacted ammonia, is burnt in an incinerator. The waste gases produced consist of 
nitrogen, carbon dioxide, oxygen and water vapour. Complete combustion in the incinerator is desirable to 
minimise the emission of nitrogen oxides. 
 
An important safety aspect of the process is a vacuum blower which is installed between the absorption tower 
and the incinerator. This ensures that hydrogen cyanide gas is, at all times, under partial vacuum conditions, 
therefore eliminating any possible leakage from the system. Operation of the vacuum blower is required to 
draw the raw materials into the reactor and this provides a fail safe in the event of power loss (Kinhill Engineers 
Pty Ltd 1988b). 
 
Waste heat is recovered as low and high pressure steam in the reactor and incinerator respectively (Kinhill 
Engineers Pty Ltd 1988b). High pressure steam is used to generate power which the proponent subsequently 
sells to CSBP for use in their Kwinana works (Pers. Comm., S. Fitzpatrick, CSBP, 4 May 1995). 
 
The sodium cyanide solution is piped to steel storage tanks which are surrounded by an impermeable bund to 
contain any accidental spillage or leaks and prevent seepage into the ground. The sodium cyanide solution is 
transferred  to  dedicated  tankers,  known  as  "isotainers"  (because  the  containers  comply  with  International 
Standards  Organisation  criteria)  by  an  adjacent  filling  station  and  is  carted  to  gold  mining  sites  by  a 
combination of rail and road transport. 
 
The following discussion describes the waste emission products from the Sodium Cyanide plant. 
 
 
8.2.2  WASTE PRODUCTS 
 
Discussion on the waste products generated at the Sodium Cyanide plant is divided into three parts considering 
gaseous, liquid and solid wastes. These are addressed in turn. 
 
 
8.2.2.1  ATMOSPHERIC EMISSIONS 
 
During normal operations there are three sources of gaseous emissions: tail gases from the incinerators plus 
discharge gases each from the start-up and shut-down stacks (Kinhill Engineers Pty Ltd 1988b). The incinerator 
tail  gases,  which  are  discharged  to  the  atmosphere,  comprise  water  vapour,  carbon  dioxide  and  nitrogen 
formed from the combustion of gases passing from the absorption tower. These gases are typical emissions of 
industrial or energy projects and compared with some of the other potential emissions from the plant (eg. 
hydrogen cyanide gas) are generally considered to be benign. 
 
The plant is shut down for maintenance purposes approximately six times each year (Pers. Comm S. Fitzpatrick, 
CSBP, 4 May 95) and can also be shut down during interruptions to power and natural gas supplies or in 
response to equipment failure. Prior to start-up, the plant is purged with nitrogen gas. The start-up procedure 
lasts for 10-15 minutes and for 3-5 minutes of that time there is a brown emission of nitrogen oxides through the 
start-up stack. These are formed by the incomplete combustion of ammonia in the reactors as they heat up to 
their normal operating temperature (Kinhill Engineers Pty Ltd 1988b). 
 
The shut-down procedure involves turning off the feedstock and purging the plant with nitrogen. Emissions 
contain absorber off-gases (ammonia, natural gas, hydrogen, carbon monoxide and traces of hydrogen cyanide) 
which are diluted by the nitrogen purge (Kinhill Engineers Pty Ltd 1988b). 
 
 
8.2.2.2  LIQUID WASTES 
 
Wastewater from the Sodium Cyanide plant is segregated into three streams: 
  collection from cooling tower blowdown water, stormwater collected from outside the process building area 
and washdown water from road surfaces outside of the process plant area. This water is discharged directly 
into Cockburn Sound via the existing return salt water pipeline at CSBP's Kwinana works (Kinhill Engineers 
Pty Ltd 1988b);  
  process plant water; and 
  collection (of spillage) from product storage areas and the isotainer filling station. 
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Wastewater resulting from plant maintenance wash down, stormwater runoff or spills from the process plant, 
product storage area and isotainer filling station are collected and directed to a wastewater treatment plant 
sump. The contents of the sump are analysed for sodium cyanide content prior to treatment and disposal. 
Treatment consists of chemical neutralisation with hydrogen peroxide under controlled pH conditions. The 
wastewater is tested to confirm that the cyanide concentration is less than 1ppm prior to transfer to CSBP 
Kwinana works containment pond and subsequent controlled discharge into the return salt water pipeline into 
Cockburn Sound (Kinhill Engineers Pty Ltd 1988b). 
 
 
8.2.2.3  SOLID WASTES 
 
The  only  solid  wastes  produced  by  the  plant  are  the  absorption  tower  packing  material,  sodium  cyanide 
solution filters and a small quantity of sodium carbonate scale material that forms in the waste gas system. The 
solid wastes are neutralised and disposed to a standard (off-site) landfill facility (Pers. Comm., S. Fitzpatrick, 
CSBP, 4 May 1995). 
 
The  major  environmental  concerns  identified  during  the  EIA  process  for  the  Sodium  Cyanide  plant  are 
discussed in the following section. 
 
 
8.2.3  ENVIRONMENTAL CONCERNS 
 
The main environmental concerns with the Sodium Cyanide plant relate to the chemicals and products utilised 
in the production process. 
 
The Sodium Cyanide plant uses and manufactures various products that are potentially hazardous to both 
humans and the surrounding environment. The substances of particular concern include ammonia, natural gas, 
hydrogen cyanide, sodium cyanide, carbon monoxide and hydrogen. Ammonia is a pungent, toxic gas that is 
highly irritant and can be fatal at high concentrations. The main constituent of natural gas is methane which is 
flammable and can be explosive in confined areas. Hydrogen cyanide is highly toxic, causing death through 
asphyxia and is both flammable and explosive. Sodium cyanide liquid is rapidly fatal if ingested even in small 
quantities and is also poisonous on contact due to absorption through the skin. Sodium cyanide solution is 
readily  acidified  by  atmospheric  carbon  dioxide  to  evolve  hydrogen  cyanide  gas.  This  natural  acidification 
process  is  prevented  by  the  addition  of  small  quantities  of  caustic  soda.  When  inhaled,  carbon  monoxide 
interrupts the normal oxygen supply to body tissues. While carbon monoxide is present in the reactor product 
gas stream and the absorber overhead gas stream only at low concentrations, it may enhance the effects of 
exposure to hydrogen cyanide. Hydrogen is highly flammable and represents a potential explosion hazard 
(Kinhill Engineers Pty Ltd 1988b). 
 
The primary concern with the Sodium Cyanide plant is the risk associated with the potential for a significant 
release of these hazardous substances as a result of pipe leakage, plant failure, accidents or spillage. The issue of 
risk management is discussed in greater detail in Section 8.8. Having placed the operations of the Sodium 
Cyanide plant in context, the following section outlines the EIA process for the plant. 
 
 
8.2.4  OVERVIEW OF THE EIA PROCESS FOR THE SODIUM CYANIDE PLANT 
 
The Sodium Cyanide plant has undergone a relatively extensive and varied environmental assessment process. 
The whole process is discussed here to place the overall project in context and the components that are included 
in the audit are indicated. 
 
In early 1984 a pre-feasibility study of the potential for establishing a sodium cyanide plant in the Kwinana 
Industrial Area was conducted jointly by CSBP, Coogee Chemicals Pty Ltd and Cyanamid Australia. Later that 
year Cyanamid Australia withdrew from the project and Australian Industry Development Corporation took its 
place  as  a  partner  in  the  venture.  A  new  company,  Australian  Gold  Reagents  Pty  Ltd,  was  established  to 
manage the project (Kinhill Stearns 1986). 
 
The evaluation of environmental issues associated with the project began in September 1984 when a Notice of 
Intent (NOI) was submitted to the EPA. The EPA concluded that, subject to five concerns being satisfactorily 
addressed including a risk and hazard analysis, the impacts of the proposed plant would be minimal. The 
project  partners  agreed  to  prepare  a  risk  and  hazard  analysis  and  offered  to  present  the  results  in  a  PER 
document which would also address the wider environmental and community issues (Kinhill Stearns 1986). 
 
A public information brochure on the proposed plant was produced in August 1985 with some 3,000 copies 
being distributed to the public through local government offices, public libraries, the project partner's offices 
and  at  public  meetings  held  to  discuss  the  project.  The  brochure  was  the  start  of  a  public  information 
programme which included briefing local and state conservation bodies, State Government departments, local   132 
government, local interest groups and service clubs, and interested or concerned members of the public (Kinhill 
Stearns 1986). 
 
In December 1986 a PER document was submitted for a 15,000 tpa sodium cyanide plant to be constructed in 
the Kwinana Industrial Area (Kinhill Stearns 1986). This represents the first stage of the project and is hereafter 
referred  to  in  this  manner.  The  first  stage  PER  comprised  two  volumes  with  Volume  One  presenting  an 
evaluation of potential environmental impacts by (Kinhill Stearns 1986) and Volume Two presenting the results 
of a risks and hazards analysis undertaken by (Cremer and Warner Ltd 1986). The first stage PER documents 
and the subsequent assessment by the EPA comprise the major component of the audit of this project. 
 
In the first stage PER, three potential sites for the proposed plant were considered. These were all located on 
industrial-zoned land and capable of being supplied with the necessary raw materials by pipelines (considered 
to be the safest means of transporting hazardous materials, Cremer and Warner Ltd 1986). A number of other 
considerations such as suitable site conditions for development and provision for future expansion led to the 
selection of these three alternatives (Kinhill Stearns 1986). Risk analysis was undertaken for each of the three 
options (Cremer and Warner Ltd 1986) during which one option was found to be less favourable than the 
others. Final site selection was determined based on amenity, with the site with the least visual impact being 
selected from the remaining two options (Kinhill Stearns 1986). The remainder of the PER was devoted to 
discussing the potential risks and environmental impacts associated with the preferred site alternative. 
 
The PER was submitted as part of the EIA process under the terms of the Environmental Protection Act 1986. It 
was released for public review for a period of eight weeks during which a total of 35 submissions were received 
prior to commencement of the EPA's assessment of the project (EPA 1987b). 
 
In  assessing  the  project  the  EPA  sought  additional  specialist  advice  from  Government  agencies  and  expert 
bodies both locally and in other states of Australia. The Chairman of the EPA also visited a plant in Germany 
utilising the same sodium cyanide production technology as in the PER proposal. During their assessment, the 
EPA wrote to the proponent, in the form of 16 questions for them to address, seeking additional information on 
the project. These questions were in addition to the submissions received during the public review process 
which  were  also  forwarded  to  the  proponent  for  comment.  The  list  of  EPA  questions  and  the  proponent's 
response to these were included in the EPA's assessment report on the project (EPA 1987b). Hence a flexible 
approach to the assessment process leading up to the decision point was utilised. 
 
In  assessing  the  first  stage  PER  proposal,  the  EPA  found  the  proposed  sodium  cyanide  plant  to  be 
environmentally acceptable in the proponent's preferred location. However, it did not approve of the proposed 
transportation by road of the sodium cyanide product from the plant site to the gold mining areas of the state 
where  the  product  is  utilised.  The  principal  concern  related  to  the  proposed  transport  of  sodium  cyanide 
solution through urban areas and designated surface and groundwater catchment areas. In the event of a road 
accident  resulting  in  spillage  of  the  sodium  cyanide  solution,  it  was  maintained  that  serious  water 
contamination and/or human injury could result. Consequently, the EPA recommended that the proposal as 
put forward in the PER not be approved for this reason. Although effectively rejecting the proposal, the EPA 
also made a number of additional recommendations concerning specific aspects of the project (EPA 1987b). The 
EPA recommendations were subsequently endorsed by the Minister for the Environment. 
 
During the EPA's assessment process, several alternatives to road transport of liquid sodium cyanide were 
examined including the use of rail transport and the transport of solid sodium cyanide by road tankers. Hence, 
although the EPA had recommended against the proposal as put forward in the first stage PER, they were 
actively  suggesting  ways  of  making  the  project  environmental  acceptable.  In  May  1987,  the  proponent 
submitted  to  the  EPA  a  report  outlining  a  proposal  to  transport  sodium  cyanide  solution  by  rail  (Kinhill 
Engineers Pty Ltd 1987). This report was treated as a NOI and was formally assessed by the EPA with the 
subsequent report and recommendations of the EPA relating to this proposal being released in July 1987 (EPA 
1987c). The EPA concluded that subject to a number of conditions, the transport of sodium cyanide solution by 
rail through urban and designated water catchment areas to rail terminals which are as close as practicable to 
the intended markets (from which point road tankers would be used) was environmentally acceptable (Kinhill 
Engineers Pty Ltd 1988b). 
 
In this second assessment report by the EPA, the recommendations made in the previous EPA assessment of the 
proposed sodium cyanide plant were reiterated with an additional recommendation concerning the transport 
issue  specifically  included.  The  reiterated  recommendations  did  however  deviate  slightly  from  the  original 
recommendations  in  two  ways.  Firstly,  the  proponent  had  successfully  appealed  to  the  Minister  for  the 
Environment over the content of one of the original EPA recommendations concerning the construction details 
of the ammonia pipeline. This recommendation was amended to reflect the decision by the Minister for the 
Environment  in  support  of  the  appeal.  Secondly  the  wording  of  another  of  the  original  recommendations 
concerning  the  preparation  of  a  hazard  and  risk  management  strategy,  was  altered  slightly  to  clarify  the 
recommended action with respect to the timing of its requirement (EPA 1987c). 
 
A single list of legally binding environmental conditions of approval for the project was established by the 
Minister  for  the  Environment.  The  list  comprised  the  reiterated  recommendations  of  the  EPA,  the   133 
environmental management commitments made by the proponent in the PER and the NOI documents and 
additional commitments made by the proponent in their responses to the EPA during the assessment process. 
These conditions have been included in the case study research presented here. Hence the EIA process was 
iterative with the various components and modifications over time being summarised into a single statement of 
approval. 
 
Having  obtained  the  necessary  approvals,  construction  of  the  first  stage  plant  commenced.  Following  a  12 
month construction period, the plant was completed in November 1988. During the initial commissioning stage 
only one reactor was in operation with the second reactor commencing operations in early 1988. This gave the 
plant an operating capacity of 15,000 tpa of sodium cyanide (Pers. Comm., S. Fitzpatrick, CSBP, 4 May 1995). 
 
In September 1988, the proponent submitted a NOI to the EPA outlining a proposal to expand the Sodium 
Cyanide plant at Kwinana (Kinhill Engineers Pty Ltd 1988a). The EPA directed that a PER be prepared for the 
plant expansion which was subsequently released in December 1988 for an eight week public review period. 
This second stage PER proposed the construction of a second sodium cyanide plant of identical (15,000 tpa) 
capacity adjoining and integrated with the first plant. The second stage PER also indicated that having received 
permission to proceed with the plant duplication, studies would then be undertaken into removing process 
restrictions in order to increase production rates to a maximum 20,000 tpa for each stage (Kinhill Engineers Pty 
Ltd 1988b). 
 
Three  submissions  were  received  on  the  second  stage  PER  during  the  public  review  period.  During  their 
assessment, the EPA visited the first stage plant and reported that it was operating satisfactorily. The EPA 
considered the expanded project to be environmentally acceptable subject to the recommendations made in its 
assessment  report  and  the  proponent's  management  commitments  (EPA  1989c).  A  primary  consideration 
related to the risks and hazards associated with the manufacture and storage of additional sodium cyanide. The 
EPA concluded that expansion to a combined 30,000 tpa sodium cyanide plant was environmentally acceptable 
on the basis of a quantified preliminary risk analysis to a level of 30,000 tpa. However, before approval for 
expansion to 40,000 tpa (i.e. two stages expanded from 15,000 to 20,000 tpa each) could be given, a satisfactory 
preliminary risk assessment for this level would be required (EPA 1990b). 
 
At the time of this research, the second stage Sodium Cyanide plant had not been constructed, and hence it has 
not been included. However, the EIA process has continued beyond this point. 
 
In December 1989 the proponent submitted a Consultative Environmental Review (CER) to the EPA which 
contained a risk analysis of a production level of 40,000 tpa of sodium cyanide from the combined first and 
second stage plants at Kwinana. The CER proposed to increase production by "debottlenecking" the plant. This 
process would involve expanding the capacity of minor items of the plant and interconnections so that the 
spare capacity of the major items of plant could be more fully utilised. This would incorporate increasing the 
flow rates of both feed gases (ammonia and natural gas) into the reactor chambers and the condensing and 
cooling systems, and increasing waste gas incineration capacity. In addition, the total storage capacity would be 
increased to 8,833 tonnes of 30% sodium cyanide solution using an additional storage tank (EPA 1990b). 
 
The CER was released for a four week public review period during which four submissions were received by 
the EPA. During its assessment, which was released in February 1990, the EPA sought expert opinion on the 
issue of public risk resulting from the proposed debottlenecking. The EPA found the revised risk analysis of a 
production increase to 40,000 tpa to be environmentally acceptable subject to the same proponent commitments 
and EPA recommendations made in the previous second stage PER assessment process (EPA 1990b). 
 
One of the conditions established by the Minister of the Environment during this third stage EIA assessment 
prevented the issue of project approval to commence the expanded operations at the increased production rate 
of 40,000 tpa until key emergency response provisions were in place for an integrated emergency management 
system  to  be  established  for  the  overall  Kwinana  Industrial  Area.  The  proponent  sought  to  change  this 
condition  by  lodging  a  request  with  the  Minister  for  the  Environment  pursuant  to  Section  46  of  the 
Environmental Protection Act 1986. The Minister subsequently requested the EPA to inquire into and report on a 
change  to  this  condition.  In  their  report  released  in  November  1990,  the  EPA  recommended  that  the 
debottlenecking of the first stage of the Sodium Cyanide plant from 15,000 tpa to 20,000 tpa should be permitted 
without being constrained by the previous condition (EPA 1990c). 
 
In 1993, the proponent sought two additional changes to the Ministerial conditions established for the overall 
project. The first change related to a condition which restricted the first stage plant and the (unbuilt) duplicate 
plant from each producing more than 20,000 tpa sodium cyanide. The proponent sought to debottleneck both 
plants so that each plant could produce up to 35,000 tpa. The second change related to the same condition 
amended previously which continued to restrict the duplicate plant from being debottenecked until the key 
emergency response provisions of the Kwinana integrated emergency management system were in place (EPA 
1993d). 
 
In assessing this proposal, the EPA required the proponent to submit a risk study which would demonstrate 
that the risk associated with the additional debottlenecking would meet the EPA's risk criteria for the project.   134 
Having received this, the EPA also sought comment from the Department of Minerals and Energy, Department 
of Resource Development and the Town of Kwinana. The EPA recommended that debottlenecking of both the 
original and duplicate plant to allow each to produce up to 35,000 tpa sodium cyanide was environmentally 
acceptable and that the condition relating to an integrated emergency management system for the Kwinana 
Industrial Area was no longer relevant and should be deleted altogether. The EPA also sought to include a 
number of now standard conditions not reflected in the existing conditions on the proposal relating to the 
fulfilment of proponent commitments and the preparation of periodic "Progress and Compliance Reports" to 
help verify the environmental performance of the project (EPA 1993d). 
 
In  December  1994  a  further  change  to  the  Ministerial  conditions  was  sought  which  would  remove  the 
restrictions placed on road transport of sodium cyanide solution directly from the plant site itself. This proposal 
was  based  on  the  proponent's  successful  road  transport  record  from  rail  terminals  to  mine  sites  without 
incident, the availability of new data on the safety of road versus rail transport and impending closures to 
several rail routes. It was stated that rail would remain the preferred transport option with road transport only 
being used when necessary (Brian J O'Brien & Associates 1994). The EPA decided to assess this proposal with 
full public review and directed the proponent to prepare an appropriate public review document (EPA 1995). 
The ensuing document (Brian J O'Brien & Associates 1994) was released for public comment over a five week 
period prior to assessment by the EPA who found the proposal to be acceptable on environmental grounds and 
subsequently recommended that the Ministerial conditions could be changed accordingly (EPA 1995). At the 
time of this research, the conditions had not been amended by the Minister for the Environment and hence the 
new transport arrangements had not been implemented. Consequently, this development in the project has not 
been included in the case study. 
 
The remaining discussion on the Sodium Cyanide plant is limited to the auditable components of the project 
(i.e. the first stage plant). Discussion commences with a description of the significant environmental issues 
identified for the project during the EIA process. 
 
 
8.3  SIGNIFICANT  ENVIRONMENTAL  ISSUES  AND  EVENTS  FOR  THE  SODIUM  CYANIDE 
PLANT 
 
The  significant  environmental  issues  identified  by  the  EPA  during  their  assessment  of  the  auditable 
components of the EIA process for the Sodium Cyanide plant are listed in Table 8.1. The single major issue of 
concern explicitly identified by the EPA concerned the management of risk at the project site with respect to the 
potential release of hazardous chemicals. In particular, the identified elements of greatest concern were those 
associated with the supply of ammonia gas to the plant site and the potential for escape of cyanide products in 
either  gaseous  or  liquid  form.  A  number  of  legally  binding  conditions  were  subsequently  established 
specifically  related  to  these  factors.  At  the  detailed  design  stage  the  proponent  was  required  to  prepare  a 
comprehensive and integrated hazard and risk management strategy. The proponent was required to ensure 
that the site layout was evaluated in a hazard and operability (HAZOP) study prior to construction in order to 
prevent the possibility of contact between any acid storage and the sodium cyanide process or storage. Finally 
they were required to install appropriate safeguards for the ammonia pipeline. The management of risk for the 
project is discussed in greater detail in Section 8.8. 
 
The EPA raised a particular concern with the transport of sodium cyanide solution. With respect to the original 
proposal to use road transport from the plant site, they acknowledged that there was a low likelihood of a road 
accident  leading  to  the  discharge  of  liquid  sodium  cyanide.  However,  they  believed  that  the  potential 
consequences of any such accident constituted an unacceptable environmental risk within a defined area of 
particular concern. This was the area within 50km of the Perth CBD plus designated surface and groundwater 
catchment  areas.  Their  initial  recommendation  that  the  project  should  not  be  approved  on  these  grounds 
resulted in project modifications that utilised rail transport from the plant site as discussed previously.  
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  SODIUM CYANIDE PLANT 
Significant Environmental Issues 
 
 
  Explicit Issues in EPA Bulletins 274 and 284   
    Ammonia pipe (leak risk).   
    Need for a Hazard and Operability Study.   
    Need for a hazard and risk management strategy.   
    Transportation  of  sodium  cyanide  solution  through  Perth  and 
designated water catchment areas. 
 
    Management  of  stormwater  runoff  from  site  into  Cockburn  Sound 
during construction. 
 
    Management of dust and noise.   
    Waste water disposal and management.   
     
  Additional Issues Mentioned in EPA Bulletins 274 and 284    
     Loss  of  containment  of  toxic  gases  and  sodium  cyanide  solution 
hazard. 
 
    Sodium cyanide solution storage safeguards.   
    Storage and loading of sodium cyanide solution at plant site, transfer 
points and at the destination mine sites. 
 
     Potential fugitive air emission (hydrogen cyanide) hazard.   
    Start-up, shut-down and incinerator gas discharges.   
    Occupational health and safety of plant personnel.   
    Grease and oil in stormwater runoff during construction.   
    Traffic generation and construction work hours.   
    Visual impact (need for suitable landscaping).   
     
Table 8.1. Significant Environmental Issues Identified for the Sodium Cyanide Plant.  Source: (EPA 1987b, EPA 
1987c) 
 
Two construction stage issues were explicitly mentioned by the EPA. The first concerned the management of 
stormwater runoff from the site into Cockburn Sound and the second concerned the management of dust and 
noise from the site. The proponent was subsequently required to prepare a construction stage management 
report and submit this to the EPA prior to commencing project construction. 
 
Another explicitly identified issue concerned the collection, treatment, storage and disposal of wastewater from 
the  plant.  This  included  stormwater  and  washdown  waters.  The  proponent  was  subsequently  required  to 
prepare a wastewater management report discussing methods of wastewater disposal and management to the 
satisfaction of the EPA prior to commissioning of the plant. 
 
A number of additional environmental issues were identified by the EPA in the text of their assessment report 
as also being significant but the proponent was not specifically directed to address these. Some of these issues 
(which  can  be  seen  in  the  second  part  of  Table  8.1)  clearly  overlap  with  the  central  risk  issue  discussed 
previously (eg. sodium cyanide solution storage safeguards) and are not discussed further here. 
 
Ongoing  gas  emissions  associated  with  normal  plant  operations  (i.e.  from  the  start-up,  shut-down  and 
incinerator stacks) were discussed. The EPA identified the health and safety of plant personnel as an issue of 
significance  but  also  noted  that  responsibility  for  evaluating  and  managing  this  issue  lay  with  the 
Commissioner  of  Occupational  Health,  Safety  and  Welfare.  Two  construction  stage  issues  were  discussed 
relating to potential oil and grease contamination of stormwater runoff and the volume of traffic to be generated 
by the site works. The final issue identified by the EPA concerned the potential visual impact of the plant and it 
was suggested that plant landscaping should be integrated within a landscaping scheme for the whole of the 
Kwinana Industrial Area. 
 
The suite of significant environmental issues identified for the Sodium Cyanide plant are frequently referred to 
in subsequent discussion. The following four sections examine the database results for this project in detail 
commencing with the impact predictions identified in the pre-development EIA documents. 
 
 
8.4  EIA IMPACT PREDICTIONS FOR THE SODIUM CYANIDE PLANT 
 
A total of 35 impact predictions were recorded for the Sodium Cyanide plant. In the following discussion, these 
predictions  are  examined  in  terms  of  their  environmental  component  and  subject,  perceived  significance,   136 
manner  of  expression,  relationship  with  environmental  management  activities  and  relationship  with  the 
occurrence of actual impacts. 
 
The predictions only addressed the physical and social components of the environment (Table 8.2). As for the 
Narngulu Synthetic Rutile plant discussed previously, it seems likely that the industrial nature of the project 
(i.e. its location within a designated industrial area with little or no remaining flora or fauna) has obviated the 
need for consideration of biological issues. The absence of records addressing the biological component of the 
environment extends to the actual impacts observed for the project as well as all environmental management 
and monitoring undertakings. 
 
The  physical  component  accounted  for  14  impact  predictions  (40%).  In  terms  of  specific  subject  categories, 
water quality issues were addressed by five predictions (14%). These addressed a variety of specific aspects of 
the project such as generation of liquid wastes including wash down from plant areas, stormwater runoff or 
spills,  potential  contamination  of  groundwater  and  risk  of  an  accident  causing  spillage  during  product 
transportation. The physical component predictions were dominated by the air quality subject category (eight 
records  or  23%).  These  predictions  addressed  the  start-up  and  shut-down  emissions  and  the  likelihood  of 
hydrogen cyanide gas being emitted in the event of a malfunction or other abnormal operating procedures. A 
single landform/soil prediction (3%) was recorded which addressed the issue of solid waste generation. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  14  40   
    Water Quality  5  (14%)       
    Air Quality  8  (23%)       
    Landform/Soil  1  (3%)       
         
  Social Component    21  60   
    Human  14  (40%)       
    Recreation  2  (6%)       
    Economic  5  (14%)       
         
  Total  35  100   
         
Table 8.2 Environmental Component and Subject of Predicted Impacts for the Sodium Cyanide plant. 
 
The 21 social component predictions represented 60% of the total. This was by far the highest proportion of 
social component predictions recorded for any of the six case studies examined. This result probably reflects the 
relatively  close  proximity  of  residential,  commercial,  transport  and  recreational  land  uses  to  the  plant  site 
compared to the other case studies examined (i.e. human activities completely surround the immediate plant 
site). 
 
The human subject category was the single largest for the overall project predictions (14 records or 40%). These 
predictions covered a range of specific issues including: 
  the benefit to gold industry workers of being able to utilise sodium cyanide in solution rather than the 
previous pellet form which posed a number of health and waste disposal problems; 
  visual amenity of the plant; 
  noise, dust and traffic levels during plant construction; 
  traffic generation during plant operation; and 
  risk levels for the plant. 
 
Two predictions (6%) concerned recreational issues relating to the potential impacts of emissions (odours or 
noise) and amenity for recreational use of the Wells Park reserve situated immediately south-west of the plant 
site. Five predictions (14%) addressed economic issues such as stabilisation of the supply and cost of sodium 
cyanide product to gold producers in Western Australia, direct employment benefits during both construction 
and plant operation, indirect employment benefits (eg. by using local goods and services) and contribution to 
the Australian economy (i.e. replacement of imported pellets of sodium cyanide with locally manufactured 
solution). 
 
With respect to the perceived significance of impact predictions for the Sodium Cyanide plant, it was found that 
26 of the predictions (74%) addressed important issues in some way. Overall the majority of impact predictions 
(20  records  or  57%)  were  directly  related  to  important  issues  and  six  (17%)  were  indirectly  related.  The 
remaining nine impact predictions (26%) did not represent an important issue at all. These included all of the 
economic based predictions which are not represented in the list of important issues shown in Table 8.1. It is 
clear from this that economic issues were not considered to be important by the EPA during project assessment. 
Instead the focus of the EPA with respect to the social environment was on potential impacts on human health 
and safety.   137 
 
The nature of predicted impacts were examined with respect to a rating of their beneficiality. A total of seven 
impact predictions (20%) were considered to represent beneficial outcomes (should the predicted impact occur). 
All of these represented the social component of the environment and included the five economic predictions, 
benefits to the gold industry of having access to sodium cyanide solution and an expected net improvement to 
local amenity resulting from proposed landscaping and vegetation planting around the plant site perimeter. By 
contrast, all of the physical component predictions were rated as adverse with the exception of a single neutral 
prediction (that no solid wastes would be produced). Although a considerable number of social component 
predictions were also rated as adverse, the implication of this finding is that the project was considered to offer 
a number of social benefits which would appear to have been traded off against adverse impacts on the physical 
environment. 
 
The manner of impact prediction expression was examined in two ways. Nine of the predictions were classified 
as representing the general identification of a potential issue or impact only (26%) with the remaining 26 (74%) 
considered  to  represent  a  formal  predictive  statement.  A  relatively  high  degree  of  precision  in  prediction 
formulation  was  found  with  11  predictions  being  quantified  (31%)  and  a  further  15  expressed  in  precise 
qualitative  terms  (43%).  Representing  74%  of  the  overall  predictions,  this  was  by  far  the  highest  record  of 
precision in prediction formulation for any of the case studies examined. The remaining nine predictions (26%) 
were expressed in vague qualitative terms. 
 
When examining the relationship between impact predictions and corresponding environmental management 
records, it was found that 26 impact predictions (74%) did have some sort of management record associated 
with them and the remainder did not (i.e. nine predictions or 26%). A number of comparisons were made 
between the impact predictions with management records associated with them and other characteristics of the 
impact predictions. It was found that neither the use of formal impact predictions or precision in prediction 
formulation  had  any  bearing  on  environmental  management  record  association.  In  other  words,  predictive 
statements based upon the general identification of an issue only were just as likely to have environmental 
management  records  associated  with  them  as  formal  impact  predictions.  Likewise,  vague  qualitative 
predictions  were  equally  likely  to  have  management  records  associated with them as precise or quantified 
predictions. 
 
A  different  result  was  evident  with  respect  to  the  significance  of  predicted  impacts.  It  was  found  that  all 
predictions  directly  related  to  important  environmental  issues  did  have  an  associated  environmental 
management record, while all but one prediction not related to an important issue did not. This result clearly 
implies that environmental management activities have been focussed upon issues of significance. 
 
The  final  examination  of  impact  predictions  was  with  respect  to  the  occurrence  of  actual  environmental 
impacts. It was found that approximately half of the predictions did have an impact associated with them (17 or 
49%) and half did not (18 or 51%). There were no examples where information was not available to verify 
impact predictions. The reasons why predicted impacts did not occur are indicated in Table 8.3. 
 
         
  Why Didn't Impact Occur?  No.  %   
         
  EIA Management  7  20   
  Project Design Change  1  3   
  Accurate Prediction  5  14   
  Other  5  14   
  Not Applicable  17  49   
         
  Total  35  100   
         
Table 8.3 Reasons Why Predicted Impacts Did Not Eventuate for the Sodium Cyanide Plant. 
 
In seven cases (20%) a potential impact was avoided through the implementation of a management action 
proposed during the pre-decision stages of EIA. Examples of these include: 
  management of noise and dust emissions during construction to avoid off-site impacts; 
  design and positioning of equipment to avoid ongoing noise impacts during project operations; 
  collection,  treatment  and  careful  disposal  of  liquid  wastes  including  stormwater  to  avoid  groundwater 
contamination; and 
  implementation  of  numerous  safeguards  and  ongoing  management  aimed  at  keeping  risk  levels  below 
acceptable standards for the plant. 
 
The change to transportation arrangements (i.e. project design change) meant that a single potential impact (3%) 
concerning increased truck movements in the Perth Metropolitan Area did not eventuate. Five impacts were 
accurately predicted not to occur (14%) which has been the case so far. Examples of these include predictions of 
the likelihood of tanker collision or roll-over causing spillage during transportation being low and predictions 
of traffic movements during project operation. The five predictions (14%) for which some other factor prevented   138 
the occurrence of a potential impact all concerned secondary events where an initial event had occurred. For 
example several predictions considered the possible impact of cyanide emissions in either gaseous or liquid 
form  resulting  from  plant  malfunctions  or  accidents.  However,  at  the  time  of  audit,  no  such  events  had 
occurred. 
 
The  actual  environmental  impacts  that  were  recorded  for  the  Sodium  Cyanide  plant  are  discussed  in  the 
following section. 
 
 
8.5  RECORDED IMPACTS FOR THE SODIUM CYANIDE PLANT 
 
A total of 10 environmental impacts were recorded for the Sodium Cyanide plant. In the following discussion, 
these are discussed in relation to their environmental component and subject, manner of impact determination, 
perceived significance, predictive accuracy, the impact outcome compared to original impact predictions and 
environmental management response by project managers. 
 
The  observed  impacts  were  found  to  be  evenly  split  between  the  physical  and  social  components  of  the 
environment (Table 8.4). A number of impacts relate to the emission of waste products into the environment 
(i.e. release of a foreign substance) although no specific adverse effects have been recorded. These include the 
single water quality impact (10%) concerning the disposal of treated wastewater into Cockburn Sound, the 
single landform/soil impact (10%) concerning disposal of small quantities of solid waste to landfill and one of 
the three air quality impacts (30% overall) concerning ongoing atmospheric emissions from the plant (eg. water 
vapour, carbon dioxide and carbon monoxide). The other two air quality impacts concern the brown plume of 
nitrogen oxides emitted during the plant start-up procedure and the ongoing emission of nitrogen oxides which 
have exceeded guideline levels identified in the PER document at times. 
 
Impacts  on  the  social  component  of  the  environment  included  two  human  issues  (20%).  These  related  to 
employment opportunities at the plant and an incident in which the incinerator stack was not working resulting 
in emissions from the shut-down stack which lead to complaints of a strong ammonia odour by nearby industry 
workers.  The  three  economic  impacts  (30%)  represent  the  beneficial  outcomes  of  the  project  in  terms  of 
stabilising the cost and supply of sodium cyanide to the gold industry, the considerable capital investment in 
Western  Australia  including  indirect  employment  benefits  and  the  general  benefit  to  the  Australian  and 
Western Australian economy and balance of payments (i.e. no longer depending upon an imported product). 
 
         
  Component and Subject  No.  %   
         
  Physical Component  5  50   
    Water Quality  1  (10%)       
    Air Quality  3  (30%)       
    Landform/Soil  1  (10%)       
         
  Social Component  5  50   
    Human  2  (20%)       
    Economic  3  (30%)       
         
  Total  10  100   
         
Table 8.4 Environmental Component and Subject of Recorded Impacts for the Sodium Cyanide Plant. 
 
The means of impact determination is shown in Table 8.5. It can be seen that there were no examples of BACI, 
control sites or baseline monitoring used to detect the impacts. The exceedance of guideline levels for nitrogen 
oxide emissions was the only impact detected by a regular measuring programme (10%). Four impacts were 
determined from observation only (40%). These were the odour complaint, brown start-up plume, generation of 
solid waste and stabilisation of the supply and cost of sodium cyanide. The remaining five impacts (50%) were 
inevitable consequences of project implementation. 
 
         
  How Was Impact Detected?  No.  %   
         
  Regular Measurement  1  10   
  Observation Only  4  40   
  Inevitable  5  50   
         
  Total  10  100   
         
Table 8.5 Method of Impact Detection for the Sodium Cyanide Plant. 
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The impacts were examined to determine whether or not they represented identified important issues for the 
Sodium Cyanide plant. Only three impacts (30%) were considered to represent important issues. These were the 
odour complaint, the brown start-up emissions and the discharge of wastewater to Cockburn Sound. With 
respect to the latter, while it is considered to represent a significant issue, the actual impact is considered to be 
benign as the water quality is monitored and treated until it conforms with standards suitable for discharge 
(Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). The majority of impacts (6 or 60%) were not considered to 
represent important issues. The remaining impact (10%) representing a new issue concerned the generation of 
solid waste material from the project. This came about from the unexpected reaction of carbon dioxide in the 
natural gas to form sodium carbonate scale which requires periodic removal and disposal. In addition, spent 
packing material in the absorption tower and sodium cyanide filters require disposal. All waste material is 
neutralised  prior  to  disposal  (Pers.  Comm.  S.  Fitzpatrick,  CSBP,  4  May  1995).  The  solid  waste  impact  is 
considered to represent a new issue because, despite an impact prediction on the subject (i.e. that there would 
be  no  solid  waste  generated),  there  was  no  discussion  of  this  matter  in  the  pre-development  EIA 
documentation. 
 
With respect to the impact prediction process, it was found that all ten observed environmental impacts had 
been  considered  in  impact  predictions  in  some  way.  However,  only  five  of  these  (50%)  were  accurately 
predicted to occur. The five impacts that were inaccurately predicted in the first place all turned out to be worse 
than expected. In addition to the solid waste impact discussed previously, these impacts included the following: 
  ammonia odour complaint. Predictions on gaseous emissions all focussed upon the potential for hydrogen 
cyanide to escape. It was never anticipated that the plant might be operating when the incinerator stack was 
not  working,  a  situation  which  gives  rise  to  ammonia  emissions.  It  is  current  practice,  following  the 
complaint  incident,  that  when  the  incinerator  stack  fails,  additional  caustic  is  added  to  the  absorber  to 
minimise odorous emissions. If the incinerator is unable to be repaired and brought back into service within 
a few hours, then the plant is completely shut down (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995); 
  brown  plume  of  nitrogen  oxides  during  start-ups.  The  brown  emissions  during  plant  start-ups  were 
expected to occur. However, the frequency of plant shut-downs and subsequent start-ups is much more than 
was expected to occur (double) and consequently the prediction is held to have been inaccurate; 
  ongoing nitrogen oxide emissions which exceed guideline levels at times (it was predicted that they would 
comply); and 
  employment  rate.  Less  staff  have  been  employed  to  operate  the  plant  than  originally  expected  due  to 
increased  automation.  While  this  impact  was  inaccurately  predicted  and  worse  than  expected,  the 
employment at the plant represents an overall social benefit of the project. 
 
The five impacts that were accurately predicted to occur (50%) all turned out to be the same as predicted. These 
were  all  inevitable  outcomes  of  the  project  (i.e.  there  were  no  examples  of  management  measures  which 
ensured that potential impacts were the same as predicted). 
 
The management response to the recorded impacts for the Sodium Cyanide plant were noted. It was found that 
a management response was not required for six of the impacts (60%). The four impacts that warranted a 
management response have been responded to. With respect to the ammonia odour issue, the plant was shut 
down in response to the complaints received from neighbouring industry workers. Since then, during periods 
when the incinerator is not working, extra caustic solution is added to the absorption process as discussed 
previously. The brown start-up plume is managed by timing start-ups during night time so that the plume is 
less visible, when the wind is blowing away from residential or other populated areas (i.e. originating from 50o-
170o) and when the wind speed is at least 2m/second (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). The 
disposal of wastewater and solid wastes from the plant are both managed by treating the wastes to accepted 
standards prior to discharge. 
 
Five of the observed impacts are also subjected to ongoing monitoring activities (50%). Wastewater quality 
monitoring  is  carried  out  to  ensure  that  it  conforms  to  accepted  standards  prior  to  discharge.  Ambient  air 
quality  is  monitored  when  the  incinerator  is  not  working  (i.e.  ammonia  odour  risk)  and  during  start-ups. 
Finally, continuous stack emission monitoring is conducted which concerns the ongoing gaseous emissions as 
well as the occasional exceedance of guideline levels. 
 
A detailed discussion of the environmental management activities for the Sodium Cyanide plant is provided in 
the following section. 
 
 
8.6  ENVIRONMENTAL MANAGEMENT OF THE SODIUM CYANIDE PLANT 
 
A  total  of  68  environmental  management  records  were  identified  for  the  Sodium  Cyanide  plant.  In  the 
discussion  that  follows,  these  records  are  examined  with  respect  to  environmental  component  and  subject, 
implementation status, relationship with impact predictions, origin of management actions and classification of 
the nature of management actions in relation to potential environmental impacts. 
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The distribution of environmental management records in terms of environmental component and subject is 
shown in Table 8.6. It can be seen that the records are approximately equally distributed between the physical 
and social components of the environment (48% and 52% respectively). 
 
         
  Component and Subject  No.  %   
         
  Physical Component  33  48   
    Water Quality  20  (29%)       
    Air Quality  13  (19%)       
         
  Social Component (Human)  35  52   
         
  Total  68  100   
         
Table 8.6 Environmental Component and Subject of Management Records for the Sodium Cyanide Plant. 
 
With respect to subject classifications, management records addressed only water quality and air quality issues 
within the physical component of the environment. The 20 water quality records (29%) covered a range of 
issues including: 
  stormwater and washdown water collection, treatment and disposal; 
  tanker design and operating procedures for sodium cyanide transportation (i.e. in sensitive water catchment 
areas); and 
  pipework protection and bunding of storage facilities to contain any spillage of hazardous liquids that may 
occur. 
 
The 13 air quality records (19%) all related to emission controls such as operating the plant under vacuum 
conditions, provision of an incinerator stack to facilitate adequate dispersal of combustion products and other 
plant design features to ensure that normal emissions are within recommended guidelines. 
 
All of the 35 social component management actions (52%) addressed the human subject category. Examples of 
these include: 
  landscaping and aesthetic building design to be compatible with the surrounding industrial setting; 
  duplication of all critical equipment and safety interlocks to ensure operational safety; 
  employee safety and emergency training; 
  preparation of a HAZOP study prior to commissioning; 
  preparation  of  a  construction  stage  management  report  detailing  how  dust  and  noise  emissions  will  be 
controlled; and 
  addition of safeguards to the ammonia pipeline to reduce the risk factor. 
 
A high implementation rate of proposed environmental management actions for the Sodium Cyanide plant was 
recorded (Table 8.7). 
 
         
  Was  Proposed  Management  Action 
Implemented? 
 
No. 
 
% 
 
         
  Total Yes Categories  56  83   
    Yes in Detail  51  (76%)       
    Yes in Part  2  (3%)       
    Yes in Effect  3  (4%)       
  No  2  3   
  New Action  7  10   
  Not Applicable Yet  3  4   
         
  Total  68  100   
         
Table 8.7 Implementation of Environmental Management Actions for the Sodium Cyanide Plant. 
 
Overall, 61 management actions were proposed in the pre-decision EIA documentation and seven were new 
actions originating during ongoing project operation. A total of 56 proposed management actions (83% overall) 
were implemented in practice and the vast majority of these (51 records or 76%) were implemented exactly as 
planned during the pre-development EIA process. Two proposed actions (3%) were implemented in part. These 
concerned the water collection and treatment process (i.e. spillage, wash down or stormwater) which operates a 
little differently in practice to the original proposal, and a commitment to operate a clean industrial facility 
which would not produce any harmful gaseous or odorous emissions. The latter commitment has been upheld 
during normal plant operations (i.e. for the vast majority of the time) but is not complied with during start-ups,   141 
shut-downs or periods when the incinerator is not functioning. Several proposed management actions (4%) 
were implemented in effect (i.e. the same outcome but achieved by different means). These involved the design 
specifications  for  proposed  road  tankers  (similar  safeguards  were  incorporated  into  rail  tanker  design),  a 
commitment to construct the incinerator stack to a height of 20m to facilitate dispersal of combustion products 
(in practice a 30m high stack was built which would further improve atmospheric dilution and dispersion of 
emissions) and a commitment for full protective equipment to be worn by employees responsible for product 
loading and unloading of isotainers (in practice protective equipment is utilised but not a full chemical suit) 
(Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). 
 
Two management commitments by the proponent (3%) were not implemented in practice. The first concerned 
plant  design  that  would  ensure  that  normal  emissions  of  nitrogen  oxides  would  be  within  particular 
recommended guidelines. Up until the time of this research, the plant had not complied with these guidelines. 
However, the proponent was planning to build a new incinerator unit as part of the proposed plant expansion 
works, which was expected to considerably improve emission levels (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 
1995).  The  second  commitment  not  complied  with  related  to  a  proposal  to  provide  cyanide  gas  detectors 
throughout the plant which were capable of shutting down the plant automatically. The Sodium Cyanide plant 
was examined by the company which patented the production process. It was subsequently determined that 
because the plant could only be operated under vacuum conditions, the provision of additional gas detector 
shut-down devices was unnecessary (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). Alternative manually 
operated shut-down stations have been provided instead. 
 
Several  proposed  management  actions  (4%)  were  not  applicable  at  the  time  of  this  research.  Two  of  these 
concerned road tanker transport issues which were made redundant by the switch to rail transport but which 
may become relevant in the future when road transport from the plant site commences. The third related to an 
EPA  recommendation  concerning  provision  of  specific  safeguards  for  the  ammonia  supply  pipeline.  The 
proponent  appealed  against  this  recommendation  and  the  specific  wording  of  the  subsequent  Ministerial 
condition  concerning  this  issue  was  amended  (and  was  complied  with).  Hence  the  original  management 
proposal was no longer applicable. 
 
The seven new management actions (10%) represent a high proportion of the management records for the 
project compared with the other case studies examined. All of these relate to either the control of emissions or 
risk management. Examples include: 
  design  of  spillage  containment  areas  to  provide  complete  separation  of  any  chemicals  which  may  have 
hazardous consequences (eg. explosive reaction or toxic gas release) upon contact; 
  initiation of plant start-ups only when wind direction and speed are appropriate; 
  initiation of plant start-ups at nightfall when minimal industry workers are in the vicinity and so that the 
plume is less visible; 
  provision of additional safeguards to the ammonia supply pipeline to further reduce the risk factor at the 
site; and 
  operation of a wet scrubber dust collection system when solid sodium cyanide is being dissolved. (There 
have  been  periods  when  supply  of  sodium  cyanide  solution  from  the  plant  has  not  been  able  to  meet 
demand for the product. To maintain adequate supply, the proponent has imported solid sodium cyanide 
pellets and dissolved these into solution for normal transport to gold producers. This management action 
relates to this minor addition to plant operations) (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). 
 
When  examining  the  relationship  between  environmental  management  actions  and  the  impact  prediction 
process, it was found that the vast majority of environmental management records (65 records or 96%) were 
related to impact predictions in some way. As reported previously, a high proportion of impact predictions 
(74%  overall)  also  were  related  to  management  records.  The  implication  of  these  findings  is  that  the 
environmental impact identification process has been strongly associated with the design of environmental 
management strategies. 
 
The management records were classified with respect to the occurrence of potential environmental impacts 
(Table 8.8). 
 
         
  Nature of Management Actions  No.  %   
         
  Avoidance of Impact  5  7   
  Initial Impact Minimisation  8  12   
  Ongoing Impact Minimisation  55  81   
         
  Total  68  100   
         
Table 8.8. Classification of the Nature of Management Actions for the Sodium Cyanide Plant with Respect to 
Potential Environmental Impacts. 
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There were five actions that sought to avoid the occurrence of an impact (7%). Examples include provision of 
security fencing around the site with controlled access to prevent any danger to the public, design of isotainers 
to  withstand  minor  accidents  (including  roll-over)  without  leakage  and  provision  of  sealed  bunds  around 
storage tanks to prevent any leakages from seeping into the ground. Eight management actions (12%) sought to 
initially minimise the extent of an impact. Examples include: 
  control of working hours plus noise and dust emissions during construction; 
  containment of noisy equipment in specially designed buildings to minimise operational noise emissions; 
  preparation of a construction stage management report addressing how stormwater runoff from the site into 
Cockburn Sound would be managed; and 
  preparation of a comprehensive hazard and risk management strategy during the detailed design stage. 
 
The remaining 55 environmental management records (81%) all sought to minimise an ongoing impact. These 
covered a range of issues but in particular concerned the management of waste or emission products, risk 
reduction  and  management  (eg.  provision  and  maintenance  of  appropriate  safeguards),  safe  operational 
practices  (eg.  specific  procedures  for  storing,  loading  and  transporting  sodium  cyanide  solution),  and  staff 
education  and  training  programmes.  There  were  no  examples  of  rectification  measures  or  provision  of 
compensation  for  unavoidable  impacts.  Hence  it  can  be  seen  that  the  overall  environmental  management 
programme has been a pro-active one aimed at avoiding and minimising the occurrence of potential impacts. 
 
In the following section, the environmental monitoring records for the Sodium Cyanide plant are examined. 
 
 
8.7  ENVIRONMENTAL MONITORING OF THE SODIUM CYANIDE PLANT 
 
A total of 16 environmental monitoring records were identified for the Sodium Cyanide plant. It is important to 
note that access to monitoring reports was not permitted due to confidentiality reasons. Apart from monitoring 
proposals made in the PER documents, all information for this component of the research has been derived 
from  interviews  with  a  senior  environmental  manager  for  the  project.  In  the  following  discussion,  the 
environmental monitoring records are examined with respect to environmental component and subject, origin 
of  monitoring,  relationship  with  identified  significant  issues,  relationship  with  environmental  management 
activities and scientific rigour of the monitoring techniques used. 
 
The environmental component and subject of monitoring records for the Sodium Cyanide plant is shown in 
Table 8.9. The majority of records (14 or 88%) addressed the physical component of the environment. Four of 
these (25%) concerned water quality issues. These included testing of wastewater prior to discharge, monitoring 
of groundwater quality beneath the project site and tests of the structural integrity of the isotainers. Ten air 
quality monitoring records were identified and these comprise the majority of the overall programme (63%). 
These included tests of various gas concentrations in the incinerator stack, density and total volume emission of 
waste gases and downwind ambient air quality during start-ups and when the incinerator is not functioning 
but the plant continues to operate. 
 
Two social component monitoring records were identified (12%), both of which related to the human subject 
category. These involved noise emission monitoring and maintenance testing of critical equipment. Both of 
these functions are carried out as part of ongoing management of worker safety on the plant site. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  14  88   
    Water Quality  4  (25%)       
    Air Quality  10  (63%)       
         
  Social Component (Human)  2  12   
         
  Total  16  100   
         
Table  8.9  Environmental  Component  and  Subject  of  Environmental  Monitoring  Records  for  the  Sodium 
Cyanide Plant. 
 
When investigating the origin of monitoring records it was found that less than half (seven records or 44%) 
were proposed in the pre-decision EIA documents. Five of these (concerning air and water quality monitoring) 
were proposed in the initial PER document and the other two (concerning inspections of isotainer integrity) 
were proposed in the transportation PER document. All seven proposed monitoring actions were implemented 
in practice. The remaining nine monitoring records (56%) were established during project implementation. The 
timing of monitoring activities with respect to the EIA process is discussed further in Section 8.8. 
 
The extent to which monitoring records addressed issues of importance identified for the Sodium Cyanide plant 
was examined. It was found that 14 records (88%) were directly related to important issues and a single record   143 
(6%) each was indirectly related and not related at all to an important issue. The latter two addressed the social 
component of the environment. From this result and the distribution of monitoring according to environmental 
component, it is clear that monitoring has focussed on the physical component of the environment and that 
these records are directly related to issues of perceived importance. 
 
All monitoring records were found to have some sort of environmental management actions associated with 
them. This result clearly indicates that project management and monitoring programmes have been conducted 
in tandem. It also suggests that the potential environmental impacts caused by the project can all be managed to 
some extent, and have actually been addressed by the proponent in some way. 
 
The scientific rigour of environmental monitoring for the Sodium Cyanide plant is shown in Table 8.10. There 
were no examples of formal monitoring techniques utilising either control sites or baseline information. This 
probably reflects the industrial nature of the project whereby the major environmental concerns relate to the 
potential escape or deliberate discharge of foreign substances into the environment. Potential environmental 
impacts relating to these activities can be determined from simple monitoring of the presence and concentration 
of these substances and comparing these results with established emission criteria. 
 
         
  Monitoring Classification  No:  %   
         
  Regular Measurement  10  63   
  Some Measurement  5  31   
  Observation Only  1  6   
         
  Total  16  100   
         
Table 8.10. Classification of the Scientific Rigour of Monitoring for the Sodium Cyanide Plant. 
 
Most monitoring was undertaken by regular measurement (10 records or 63%). This incorporated most of the 
gas emission monitoring, groundwater testing and noise emission monitoring. Occasional measurement was 
utilised in five cases (31%) concerning wastewater quality (i.e. following rainfall or a spillage event), integrity of 
isotainers,  ambient  air  quality  monitoring  (eg.  during  start-up  events)  and  equipment  maintenance  testing. 
Observation was utilised in only one programme (6%) concerning inspections of isotainers for leakage after 
return from mining areas and again after refilling. 
 
The issue of greatest concern for the Sodium Cyanide plant has been the potential release of dangerous amounts 
or  concentrations  of  toxic  or  hazardous  materials  (eg.  ammonia,  hydrogen  cyanide  gas,  sodium  cyanide 
solution).  Environmental  management  and  monitoring  activities  have  mainly  targeted  potential  sources  for 
such emissions. Approval for the project to proceed in the first place was predicated upon the management of 
risk associated with the use, production and storage of hazardous materials at the project site. The issue of risk 
management is discussed in detail in the following section. 
 
 
8.8  RISK MANAGEMENT FOR THE SODIUM CYANIDE PLANT 
 
In order to progress through the various stages of EIA, the proponent has been required to repeatedly revise 
and update the hazard analysis process for the project. This has been achieved through a series of HAZOP 
studies undertaken in conjunction with the design and operation of various stages and components of the plant. 
The  HAZOP  studies  have  resulted  in  changes  to  both  project  operations  and  the  way  in  which  the  risks 
associated  with  particular  project  hazards  are  calculated  (Pers.  Comm.  S.  Fitzpatrick,  CSBP,  4  May  1995). 
Examples of these two reforms are now discussed. 
 
An example of changes to project operations was the installation of a number of additional safeguards to the 
ammonia pipeline which further reduced the risk of leakage compared to the original plant design. As indicated 
in the previous section, the pipeline is subjected to ongoing monitoring of its structural integrity. This includes 
thickness  testing,  pressure  testing,  examination  for  corrosion  and  visual  inspection  for  signs  of  structural 
damage or risk thereof (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). 
 
An example of refinement of the risk analysis process resulted from the development of computerised data 
processing  and  calculation  techniques.  Risk  is  determined  quantitatively  and  expressed  as  a  series  of  risk 
contours around the plant site. There are two critical risk contours relating to the project. Firstly, the risk of 
death  for  a  worker  in  a  surrounding  industry  which  the  EPA  established  to  be  acceptable  at 
50/million/person/year and a risk of 1/million/person/year for recreational and residential land uses (Kinhill 
Stearns 1986). During the original assessment process for the stage one plant, the plotting of risk contours was 
based  on  relatively  unsophisticated  and  extremely  conservative  calculations.  Increased  experience  in  risk 
calculation and the use of sophisticated computer technology has resulted in considerable improvements in risk 
calculation for the Sodium Cyanide plant (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). 
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The combined effect of improved safeguards and operating processes along with improved risk calculation has 
enabled the approved plant capacity to be significantly increased. From the original approved stage 1 plant 
capacity of 15,000 tpa sodium cyanide solution production, at the time of this audit the proponent had obtained 
approval for an overall plant production of more than four times this amount at 70,000 tpa (EPA 1993d). 
 
At the time of this research, there had been no environmental impacts associated with components of the plant 
representing significant risk factors. An occasion when an ammonium odour complaint was received from a 
neighbouring industry was related to a period when the incinerator stack was not working and waste gases 
from the absorption tower were being vented direct to the shutdown stack. There had not been any leakage 
associated with the ammonia supply pipeline to the plant (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). 
 
Similarly, there had been no instances of the escape of cyanide products in either liquid or gaseous form up to 
the time of this research. This includes the occurrence of a single derailment accident during the transport of 
liquid sodium cyanide by train. The accident resulted in a following rail wagon striking an isotainer on the 
preceding wagon. While the outer surface of the isotainer was physically damaged, it did not rupture or leak 
(Brian J O'Brien & Associates 1994). This incident highlights the value of ensuring that the isotainers were 
constructed to high design standards in the first place. 
 
Hence three factors have contributed to the management of risk associated with the Sodium Cyanide plant. The 
first relates to the initial design specifications for particular aspects of the operation (eg. isotainer design) while 
the others reflect an emphasis on ongoing environmental management. These are the iterative quantitative risk 
analysis  process  and  the  ongoing  refinement  of  operating  processes  and  safeguards  implemented  by  the 
proponent.  The  combination  of  these  three  factors  has  enabled  the  proponent  to  successfully  manage  the 
environmental risks for the project. 
 
The following section discusses the influence of EIA on project management outcomes. 
 
 
8.9  THE  INFLUENCE  OF  EIA  ON  ENVIRONMENTAL  MANAGEMENT  FOR  THE  SODIUM 
CYANIDE PLANT 
 
The  purpose  of  this  section  is  to  explore  the  relationship  between  EIA  and  subsequent  environmental 
management activities for the Sodium Cyanide plant. In doing so, it is intended to identify when any influence 
of EIA was first realised and how this influence came about. 
 
8.9.1  DID THE EIA PROCESS INFLUENCE ENVIRONMENTAL MANAGEMENT OF THE SODIUM 
CYANIDE PLANT? 
 
It is clear from the previous discussion on the Sodium Cyanide plant in this chapter that the EIA process has 
influenced environmental management of the project. There have been numerous examples of the influence of 
EIA on environmental management presented in the previous discussion of results for the case study. Rather 
than duplicate this information, some key examples can be summarised as follows: 
  the use of EIA during the initial site selection process in order to choose a site with the most acceptable level 
of risk and other suitable conditions for site development; 
  changes  to  sodium  cyanide  solution  transportation  arrangements  to  reduce  the  risk  of  transportation 
accidents and subsequent spillage of sodium cyanide solution; 
  all impact predictions addressing significant issues were found to have environmental management actions 
associated with them which suggests that EIA scoping has successfully directed attention to the identified 
issues of most importance to decision-makers; 
  avoidance of many predicted impacts through the implementation of environmental management actions 
(20%) and project design changes (3%); 
  all impacts that warranted an environmental management response have been addressed by the proponent 
on an ongoing basis; 
  the vast majority of environmental management actions (96%) were related to impact predictions in some 
way which implies that the design of environmental management strategies has been strongly associated 
with the impact identification process; 
  a high proportion of environmental management actions proposed in the pre-decision EIA documents were 
implemented in practice (83%) and these were supported by an additional 10% of new management actions; 
  all environmental management actions sought to either avoid impacts outright or minimise the extent of 
unavoidable impacts; 
  monitoring records were strongly related to identified significant issues for the project (94%) and all had 
environmental management actions associated with them; and 
  the requirement for the proponent to engage in HAZOP studies for both existing and proposed extensions to 
the Sodium Cyanide plant has resulted in plant modifications to reduce risk. 
 
These examples provide strong evidence of the influence of EIA on environmental management activities for 
this case study.   145 
 
 
8.9.2  WHEN DID THE INFLUENCE OF EIA ON ENVIRONMENTAL MANAGEMENT OCCUR FOR 
THE SODIUM CYANIDE PLANT? 
 
The next question to consider is: when did this influence occur? The proportion of environmental management 
and monitoring activities derived from the research database records falling into each of the pre-decision, post-
decision and transitional stages of EIA is depicted in Figure 8.2. It should be noted that the figure does not 
incorporate the influence of the EIA process realised during project planning and initial design (eg. selection of 
the preferred site location) which occurred prior to preparation of the original PER document. The individual 
management and monitoring are now discussed in turn. 
 
The majority of the 68 environmental management activities (48 records or 71%) were established during the 
pre-decision  stages  of  EIA.  These  included  the  proponent's  commitments  to  specific  project  design 
requirements,  operating  standards  and  procedures  and  other  actions  aimed  at  avoiding  or  minimising  the 
occurrence of potential impacts. Examples of these include: 
  provision of bunds around product storage areas to contain any spillage (design feature); 
  collection, treatment and analysis of wastewater prior to disposal (operating practice); and 
  site landscaping to minimise impacts on visual amenity. 
The  EPA  also  contributed  to  pre-decision  environmental  management  actions  with  recommendations  that 
required a particular course of action to be followed such as the installation of appropriate safeguards for the 
ammonia pipeline prior to commissioning. 
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Figure 8.2 Origin of Environmental Management and Monitoring Activities for the Sodium Cyanide Plant With 
Respect to the Principal Decision Point. 
 
Most of the EPA recommendations, however, fell into the 13 transitional records which made up some 19% of 
the  total  management  activities.  These  were  recommendations  (and  subsequent  Ministerial  conditions)  that 
established management objectives for the proponent to meet or otherwise required reports to be prepared on a 
particular issue. Examples include: 
  requirement  for  a  construction  stage  management  plan  to  be  submitted  to  the  EPA  before  construction 
commenced  which  addressed  management  of  stormwater  runoff  from  the  site  plus  dust  and  noise 
emissions; 
  requirement for the proposed site layout to be evaluated in a HAZOP study to prevent any possibility of 
contact between any acid storage and the sodium cyanide process/storage; and 
  requirement for a comprehensive and integrated hazard and risk management strategy to be prepared at the 
detailed design stage. 
 
The proponent also proposed several management activities that fell into the transitional category including: 
  a commitment to carry out a HAZOP study in conjunction with the technology suppliers and engineering 
contractors before the design of the plant was finalised; and 
  a commitment to ongoing quantitative risk analysis. Appropriate contingency measures were intended to be 
incorporated into emergency procedures for the project in response to the potential hazards identified.   146 
From  these  examples,  it  can  be  seen  that  the  EIA  process  established  some  important  environmental 
management  provisions  during  the  pre-decision  stages  which  required  ongoing  attention  (including 
modifications if necessary) during the post-decision stages. 
 
The final seven environmental management activities (10%) represented new actions devised and implemented 
during the post-decision stages of EIA. These were found to all relate to the control of project emissions or the 
management of risk and were discussed previously in Section 8.6. 
 
The 16 monitoring records displayed a considerably different distribution with respect to the three EIA timing 
categories. Only three records (19%) fell into the pre-decision category. These concerned commitments by the 
proponent for the testing of treated wastewater prior to discharge and inspections of the structural integrity of 
the isotainers used for product transportation. Four records (25%) were classified as transitional activities. These 
all stemmed from a commitment by the proponent in the original PER which stated that: 
 
The environmental aspects of the sodium cyanide plant will be incorporated in the existing Environmental 
Management and Monitoring Programme, which is administered by CSBP's industrial chemists. This will 
require the continuous testing of the main stack for oxygen to ensure that optimum combustion occurs in the 
incinerator, and monthly testing for hydrogen cyanide, oxides of nitrogen and carbon monoxide. (Kinhill 
Stearns 1986, p47). 
 
The  resulting  four  records  addressing  each  of  the  specific  parameters  monitored  were  classified  as  being 
transitional because of their association with an EMP (or equivalent) approach. The quoted statement by the 
proponent implies that adaptive management will occur in response to the monitoring results with respect to 
attempting to optimise combustion conditions in the incinerator. 
 
The remaining nine monitoring activities, which comprise the overall majority (56%), were all initiated during 
the post-decision stages of EIA. Some of these activities appear to be standard undertakings to fulfil particular 
legal or other obligations (eg. monitoring of occupational exposure to noise). Others appear to have originated 
from the risk assessment process (eg. equipment maintenance testing and monitoring the structural integrity of 
the ammonia pipeline). At least one monitoring activity would appear to have been initiated in response to an 
observed impact. This concerns the complaints of an ammonium smell on an occasion when the incinerator 
stack  was  not  functioning  but  the  plant  continued  to  operate.  Since  this  incident,  the  proponent  conducts 
ambient air quality monitoring downwind of the plant whenever this is the case. This is an example of adaptive 
monitoring in response to the occurrence of an impact. The remaining post-decision monitoring activities are all 
aimed at demonstrating compliance with emission criteria (and correspond to an environmental management 
commitment to this effect). This monitoring focuses on particular characteristics of incinerator performance and 
the waste gases emitted. 
 
 
8.9.3  HOW  DID  THE  ENVIRONMENTAL  MANAGEMENT  ACTIVITIES  FOR  THE  SODIUM 
CYANIDE PLANT COME ABOUT? 
 
The  last  aspect  to  consider  concerns  the  origin  of  environmental  management  activities.  The  following 
discussion addresses the potential influence of external pressures including other legislation, internal pressures 
and rational reforms in turn. 
 
There  were  several  situations  where  other  legislation  or  administrative  requirements  influenced  project 
management. For example, the proponent made a commitment to store sodium cyanide solution at the project 
site in accordance with the Explosives and Dangerous Goods Act 1961 and for the storage arrangements to be 
approved  by  the  Chief  Inspector  of  Explosives  and  Dangerous  Goods  (Kinhill  Stearns  1986,  p48).  Whilst 
addressing  other  legislative  requirements  relating  to  human  safety  issues,  this  commitment  clearly  has 
environmental implications too. A second example concerns the management of risk, whereby the proponent 
was required to meet acceptable risk levels established previously by the EPA; i.e.  the risk of death for a worker 
in a surrounding industry of 50/million/person/year and a risk of 1/million/person/year for recreational and 
residential land uses (Kinhill Stearns 1986). These risk levels provided the basis for ongoing risk management 
and refinement of risk calculations as the proponent sought to progressively increase the production capacity of 
the plant. 
 
Clear  evidence  also  exists  concerning  external  pressures  having  an  influence  on  project  management.  For 
example, a considerable amount of discussion in the EPA's assessment report on the first stage PER document 
concerning the sodium cyanide transportation issue directly quotes from some of the submissions received on 
the proposal from other government departments. The use of direct quotations in EPA reports in this way is not 
common. In this case, the discussion is very detailed with several aspects of the road transportation issue (eg. 
transport within the Perth Metropolitan Area, transportation through water catchment areas and alternative 
manufacture  and  transportation  of  solid  sodium  cyanide  product)  each  being  addressed.  The  comments  of 
several government departments on these matters are presented, all of which express considerable concern over 
the risk of environmental impacts associated with a road tanker accident resulting in spillage of sodium cyanide   147 
solution. At the end of this section, the EPA presents its own assessment on the transportation issue to the effect 
that the original road transportation proposal was not environmentally acceptable. 
 
A  second  example  of  external  influences  on  project  management  concerns  the  proponent's  response  to 
ammonium  odour  complaints  received  from  adjacent  industries  at  Kwinana  related  to  periods  when  the 
incinerator was not functioning. The plant managers now ensure that additional caustic soda is added to the 
absorber to minimise emissions and initiate ambient air quality monitoring downwind from the plant during 
these events (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). 
 
A third example of the proponent's response to external pressures relates to the initiation of plant start-ups 
during night time. This is done partly because night time winds are most likely to be from a suitable direction 
but also to make the plume less visible to the public (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). This avoids 
public complaints associated with the plant and with the Kwinana Industrial Area generally. It should be noted 
that apart from managing the public amenity issue, night time plant start-ups do not actually reduce the impact 
on local air quality. Hence, this management strategy could be seen as no more than a public relations exercise. 
 
These  three  examples  suggest  that  actual  or  implied  external  pressures  has  influenced  the  environmental 
management regime for the Sodium Cyanide plant to some extent. 
 
Direct evidence of internal reform resulting from the proponent's own staff influencing project management is 
more difficult to ascertain. This was made particularly difficult with respect to the post-decision stages of EIA as 
access  to  EMP  reports  was  denied.  However,  two  examples  from  the  pre-decision  EIA  documents  were 
identified. The first was a commitment made by the proponent in the original PER as follows: 
 
In  1985,  CSBP's  General  Manager  issued  a  new  health  and  safety  policy  instituting  an  internationally 
recognised  auditing  system  -  namely,  the  International  Safety  Rating  System  (ISRS)  developed  by  the 
International  Loss  Control  Institute.  The  sodium  cyanide  plant  will  be  included  in  CSBP's  ongoing  ISRS 
programme. A Loss Control Superintendent has been appointed to co-ordinate the development of health and 
safety  manuals.  Internal  audits  will  be  used  to  check  on  progress,  with  periodic  external  audits.  (Kinhill 
Stearns 1986, p47). 
 
This  example  demonstrates  the  proponent's  commitment  to  environmental  management  that  exists 
independently of the EIA requirements that applied directly to the case study. In practice, quarterly internal 
audits and annual external audits of project operations are conducted. At the time of this research the plant was 
classified as Advanced Level in the ISRS rating system (Pers. Comm. S. Fitzpatrick, CSBP, 4 May 1995). 
 
A second indication of the proponent's internal environmental management programme was provided by the 
EPA in the conclusion of their assessment report: 
 
The Authority has been impressed with the capacity and competence of the principal partner in the project, 
CSBP, to manage industrial plants from an environmental viewpoint. (EPA 1987b, p37). 
 
While there is no follow-up information available to verify CSBP's internal operating policies and practices with 
respect to subsequent management of the Sodium Cyanide plant, these two examples imply that some sort of 
internal influence is highly likely (eg. a high professional standard of operation). 
 
The  use  of  HAZOP  studies  and  quantitative  risk  assessment  in  both  initial  project  design  and  ongoing 
operations is a good example of rational processes that have influenced project management. As discussed in 
Section  8.8,  the  proponent  has  responded  to  the  results  of  their  HAZOP  studies  by  installing  additional 
safeguards to the plant. The proponent has also adopted ongoing refinements in the field of risk calculation and 
quantification (i.e. management of this issue has been based upon start-of-the-art scientific information). Part of 
the  risk  management  process  has  involved  ongoing  monitoring  of  the  structural  integrity  of  critical  plant 
components. 
 
In conclusion, it can be seen that a variety of EIA influences on project management are in evidence for the 
Sodium Cyanide plant. While the greatest contribution was probably achieved during the pre-decision stage of 
EIA  in  terms  of  successfully  identifying  the  nature  of  the  actual  environmental  impacts  that  subsequently 
occurred in practice. Monitoring and management programmes to address these were established largely as 
transitional activities which have been implemented in an adaptive and ongoing manner. New monitoring and 
management  actions  have  been  implemented  to  address  unexpected  project  outcomes.  The  influences  of 
internal  and  external  reforms  are  evident  and  the  whole  issue  of  risk  assessment  and  management  which 
underlies the environmental approvals for the Sodium Cyanide Plant represent evidence of the influence of 
rational-scientific processes. 
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CHAPTER 9  SALADIN OILFIELD PROJECT 
 
9.1  INTRODUCTION 
 
This case study involves an offshore oil and gas production facility. Discussion commences with a description 
of the project and the EIA process that it was subjected to. The list of significant issues identified during the EIA 
process are then identified. The subsequent four sections discuss the project in light of some of the database 
findings  for  this  case  study.  This  is  followed  by  a  section  discussing  the  management  of  an  important 
environmental issue for the project relating to the disposal of produced water from the oil production facilities. 
The chapter concludes with discussion on the relationship between EIA and environmental management for the 
project. 
 
 
9.2  PROJECT OUTLINE AND EIA PROCESS FOR THE SALADIN OILFIELD PROJECT 
 
The  Saladin  oil  field  is  located  25km  north  north-west  offshore  from  the  WA  coastal  town  of  Onslow 
(approximately 1,500 km north of Perth) and immediately adjacent to the eastern end of Thevenard Island. The 
oil field has been developed by West Australian Petroleum Pty Limited (WAPET). Oil production facilities have 
been located at the north eastern end of Thevenard Island (see Figure 9.1) on a 25 ha land area leased from the 
Department of Conservation and Land Management. Abutting the WAPET lease on the south east corner of the 
island is a smaller area leased to Mackerel Islands Pty Ltd for a tourist facility (WAPET 1992). 
 
The  project  area  experiences  moderate  winters  and  very  hot  summers  during  which  thunder  squalls  and 
tropical cyclones may occur (LeProvost Semeniuk & Chalmer 1987, p25-26). The marine ecosystem of the area 
has macro-algae, seagrass and coral communities in localised areas. Most of the seabed features loose sand and 
rubble  underlain  by  limestone  and  supports  relatively  sparse  biological  communities.  The  marine  fauna  is 
diverse, including prawns, commercial fish species, turtles, whales, dugongs and various seabirds. Thevenard 
Island  is  a  flat  sandy  island  approximately  5km  long  and  1km  wide  surrounded  by  a  shallow  limestone 
platform. The island contains a shallow freshwater lens of groundwater, underlain and confined by sea water. 
The  island  is  important  for  breeding  of  turtles  and  some  species  of  seabirds  and  supports  large  flocks  of 
migratory  wading  birds  during  the  year.  It  also  supports  a  single  native  land  mammal  species  known  as 
Forrest's Mouse (Leggadina forresti) which is not well represented on the mainland. Most of Thevenard Island 
(543ha) is classified as a C Class Reserve for the protection of native flora and fauna (EPA 1987a). 
 
In 1986 a Notice of Intent was submitted to the EPA for the proposed oil production facilities which required 
that an ERMP should be prepared (EPA 1987a). EPA guidelines for the document were included in the ERMP 
(LeProvost Semeniuk & Chalmer 1987), which was released for public comment in 1987 with a 10 week review 
period. The EPA recommended that the project should be allowed to proceed (EPA 1987a) subject to certain 
recommendations which were endorsed by the Minister for Environment in legally binding conditions under 
the terms of the Environment Protection Act 1986. One of the requirements of the EIA decision-making process 
was for the preparation of an EMP document prior to project commencement. This was duly completed in 1988 
(WAPET  1988)  and  outlined  the  proposed  environmental  management  and  monitoring  activities  to  be 
undertaken by the proponent. Project construction was undertaken over an 18 month period in 1988 and 1989 
and production from the Saladin facilities commenced in November 1989 (WAPET 1992). 
 
At the time of this research, the Saladin project consisted of three offshore platforms servicing four offshore 
wells. A further three wells were situated within the lease on Thevenard Island; two on the eastern end and one 
in the south western corner (WAPET 1993). The original proposal in the ERMP was for four offshore wells 
(LeProvost Semeniuk & Chalmer 1987). However geological and engineering studies after this time determined 
that  seven  producing  wells  would  be  required  and  that  a  large  part  of  the  Saladin  oil  field  lay  closer  to 
Thevenard Island than previously believed. In the EMP a modified proposal was put forward including the use 
of directionally drilled onshore wells to supplement the four offshore wells (WAPET 1988).  
 
In addition to the Saladin oil field, the Thevenard Island facilities are used to process production from other 
nearby oilfields operated by WAPET. Oil from a monopod supporting one producing well in the Yammaderry 
field flows to one of the offshore Saladin wells from which the two produced fluids are piped to the production 
facilities on Thevenard Island. A submarine pipeline connects a monopod in the Cowle field directly with the 
Thevenard Island production facilities. During 1992, the average rate of production from the Saladin, Cowle 
and Yammaderry fields was 6,731 kilolitres (44,879 barrels) of oil per day (WAPET 1993). Production wells from 
the nearby Roller and Skate oilfields to the south west have also since been connected to the Thevenard Island 
production facilities. Pipelines from these wells enter the island lease   149 
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area via the southern beach near the jetty (WAPET 1992). The Cowle, Yammaderry, Roller and Skate projects 
were subject to separate EIA processes from that of the Saladin Oilfield project (eg. LeProvost Semeniuk & 
Chalmer 1989, EPA 1991, Astron Environmental 1993) and are not further discussed here. 
 
A submarine ship-loading pipeline carries stabilised crude oil to a multi-buoyed tanker mooring located some 
7km north north-east of Thevenard Island in over 16m depth of water. Other offshore facilities include pipelines 
from the platforms and monopods to the processing facilities and a sewage and waste water outfall (WAPET 
1993). 
 
The remainder of the land based facilities consist of separation facilities for oil, gas and water, three 350,000 
barrel crude oil storage tanks and bunding, two gas lift compressors, power generation facilities, sewage and 
waste disposal facilities. An enclosed flare tower, flare pit, control room and warehouse are situated to the 
north and east of the storage tanks and processing facilities (WAPET 1993). 
 
Following  an  informal  environmental  assessment  process  WAPET  has  constructed  a  gas  pipeline  from 
Thevenard Island to the nearby onshore Tubridgi gas processing facility. Gas separated from the produced 
fluids mixes with the Tubridgi gas production and flows on to the main north-west onshore gas pipeline that 
travels  to  the  south-west  of  WA.  This  addition  to  the  original  project  has  resulted  in  reduced  use  of  the 
Thevenard Island flare tower and flare pit. Environmental conditions for this component of the project have 
been established by the Department of Minerals and Energy under separate legislation to the Environmental 
Protection  Act  1986  (Pers.  Comm.  D.  Betts,  DEP,  27  April  1994)  and  hence  it  has  not  been  included  in  this 
research.  
 
A  helipad,  barge  landing  and  jetty  were  constructed  to  facilitate  operations.  In  addition  to  these  WAPET 
facilities, the airstrip (previously established for Mackerel Islands Pty Ltd) has been upgraded by WAPET for 
use during its operations. Accommodation is available on the island for 46 people (WAPET 1993). 
 
The life of the Thevenard facilities as originally identified in the ERMP was intended to be 6 years. However 
this is now expected to be exceeded due to the better than anticipated performance of the Saladin field, and the 
subsequent link-up of the Cowle, Yammaderry, Roller and Skate oilfields to the Thevenard Island production 
facility. Exploration activity also continues to identify further fields in the region (WAPET 1993). 
 
Since production commenced from the Saladin Oilfield and processing facilities on Thevenard Island, several 
annual and triennial monitoring reports have been prepared (eg. WAPET 1990, 1991, 1992, 1993) which report 
on monitoring results and progress with environmental management activities. 
 
The following section describes the significant environmental issues identified for the oilfield project during the 
EIA process. 
 
 
9.3  SIGNIFICANT ENVIRONMENTAL ISSUES FOR THE SALADIN OILFIELD PROJECT 
 
The list of significant environmental issues for the Saladin Oilfield project identified by the EPA during the pre-
decision stage of the EIA process are summarised in Table 9.1. It can be seen from the table that some issues 
were  raised  more  than  once  and  were  emphasised  in  different  sections  of  the  pre-development  EIA 
documentation  (eg.  the  oil  spill  risk).  The  issues  relate  to  both  onshore  and  offshore  aspects  of  the  project 
including both biophysical processes and social uses of the environment. 
 
With respect to biological and physical processes, the EPA noted that there was a general lack of detailed 
information available on the terrestrial and marine biology of the region. More specifically, the relationship 
between the vegetation and the thin lens of fresh groundwater on Thevenard Island was identified as being an 
important one. Several issues related to specific potential adverse impacts of the project on the local biota. These 
included  the  disturbance  to  coral  communities  associated  with  offshore  pipeline  construction.  The  EPA 
recommended that pipeline dredging should not be carried out in March in order to avoid the coral spawning 
period.  The  discharge  of  drilling  muds  during  offshore  production  well  development  was  identified  as  a 
concern with respect to the smothering of adjacent marine biota. 
 
In relation to the terrestrial environment, the potential threat to the diversity of indigenous vegetation and 
wildlife  on  Thevenard  Island  arising  from  the  project  was  identified  as  an  important  general  issue.  Some 
specific  issues  identified  in  relation  to  this  included  the  potential  for  the  introduction  of  weeds  and  feral 
animals along with project materials and equipment requiring the establishment of quarantine procedures. The 
need for rehabilitation of areas disturbed by project construction and during subsequent project operation was 
identified. An additional issue related to the proposed use of seawater to extinguish fires on the island. The 
EPA  emphasised  a  preference  for  fresh  water  only  to  be  utilised.  A  specific  wildlife  issue  concerned  the 
potential for the light emitted by the proposed flare tower and other facilities on the island to disrupt turtle 
movements during the breeding season. 
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  SALADIN OILFIELD PROJECT 
Significant Environmental Issues 
 
 
  Issues Identified in ERMP Guidelines   
    Management of waste gas flares.   
    Disposal of produced waters.   
    Risk of oil spills.   
    Management of island based work-force.   
     
  Explicit Issues in EPA Bulletin 293   
    Lack of detailed terrestrial and marine biological information.   
    Importance of island groundwater to vegetation.   
    Effect of pipeline construction on coral.   
    Need for an Oil Spill Contingency Plan including an oil sensitivity map 
and oil spill projections. 
 
    Hydrocarbon  concentrations  in  produced  water  (not  to  exceed  50 
mg/L). 
 
    Need  for  an  EMP  (to  identify  detailed  monitoring  programmes, 
commitments  to  rectify  any  unacceptable  changes,  annual  and  triennial 
reporting to EPA, and management of work-force impacts on island). 
 
    Potential conflict with tourist settlement facilities.   
    Management status of vacant Crown Land at eastern end of island.   
    Need  for  lease  conditions  to  allow  for  possible  other  facility 
development by other proponents. 
 
     
  Additional Issues Mentioned in EPA Bulletin 293   
    Vegetation and wildlife diversity.   
    Fire fighting water quality (fresh water use preferred).   
    Need for rehabilitation to stabilise disturbed areas of island.   
    Disruption to turtles from lights or flares.   
    Quarantine concerns regarding introduced weeds or feral animals.   
    Pipeline stringing offshore (to minimise island disturbance).   
    Drilling mud discharge (covering epibenthos near wells).   
    Risk of oil spills.   
    Noise emissions.   
     
Table  9.1.  Significant  Environmental  Issues  Identified  for  the  Saladin  Oilfield  Development  Project.  Source: 
(EPA 1987a, LeProvost Semeniuk & Chalmer 1987) 
 
The effect of oil releases on the local environment was addressed in several ways. In relation to the risk of an oil 
spill  occurring,  the  EPA  recommended  that  drilling  of  production  wells  should  be  in  accordance  with  an 
approved oil spill contingency plan (OSCP). It was further recommended that the OSCP be supplemented with 
an oil sensitivity map which identified habitats in the local area that would be particularly vulnerable to oil 
pollution. This information was to be accompanied by estimations of the expected surface oil movements from 
spills adjacent to Thevenard Island. The final issue involving oil in the environment related to the acceptable 
limits for the concentration of oil in produced waters proposed to be discharged into the marine environment. 
 
With respect to the social component of the environment, the issue of greatest concern related to the potential 
conflict with the Mackerel Islands Pty Ltd tourist accommodation on Thevenard Island. A specific issue that 
was mentioned related to potential noise emissions from the oil production operations. Two additional issues 
concerned land use allocation on Thevenard Island. Firstly, a portion of Vacant Crown land at the eastern end 
of the island which the EPA recommended should receive appropriate management status so that it could be 
managed in sympathy with the rest of the island. Secondly, the EPA recommended that the lease conditions for 
the proposed WAPET facilities on Thevenard Island should be written so as to accommodate the possibility of 
further development of those facilities by other petroleum producers operating in the region. 
 
The following sections (9.4-9.7) discuss the project findings with reference to the database records for this case 
study. 
 
 
9.4  EIA IMPACT PREDICTIONS FOR THE SALADIN OILFIELD PROJECT 
 
A total of 54 impact predictions were recorded for the Saladin Oilfield project. In the following discussion, these 
predictions  are  examined  in  terms  of  environmental  component  and  subject,  relationship  with  identified   152 
significant  issues,  manner  of  expression,  relationship  with  environmental  management  activities  and 
relationship with the occurrence of observed impacts. 
 
Ten predictions (18%) addressed the physical component of the environment (Table 9.2). Two of these related to 
impacts on physical processes involving disturbance to the sea-floor around the offshore wells and the potential 
for oil spills from various sources (eg. blowouts, pipeline accidents, severe storms etc.). The four predictions 
concerning water quality each addressed potential impacts on the fresh groundwater resources on Thevenard 
Island,  turbidity  caused  by  dredging  during  offshore  pipeline  construction,  discharge  of  produced  waters 
containing oil residues and the risk of oil spills in the marine environment. The four predictions concerning 
impacts  on  soils  and  landforms  all  related  to  the  effects  of  construction  of  the  oil  production  facilities  on 
Thevenard Island. There were no predictions concerning air quality issues. A number of air emission sources 
were identified in the pre-development EIA documentation (eg. dust, chemical fumes, gases, odours etc.) but in 
terms of impact prediction, these were specifically related to potential impacts on the natural ecosystem of 
Thevenard Island and thus recorded within the biological component of the environment. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  10  18   
    Physical Processes  2  (4%)       
    Water Quality  4  (7%)       
    Landform/Soil  4  (7%)       
         
  Biological Component  36  67   
         
  Social Component    8  15   
    Human  1  (2%)       
    Recreation  4  (7%)       
    Economic  3  (6%)       
         
  Total  54  100   
         
Table 9.2 Environmental Component and Subject of Predicted Impacts for the Saladin Oilfield Project. 
 
The majority of impact predictions (36 or 67%) addressed the biological component of the environment. These 
covered a wide range of specific issues and components of the project ranging from potential impacts on : 
  the flora and fauna of Thevenard Island (eg. initial habitat loss for construction of production facilities, 
potential for foreign plants and animals to be introduced, disturbance from the ongoing operations and 
island based work-force etc.); 
  sea-floor habitats from blasting and trenching during construction of offshore pipelines; and 
  the marine ecosystem from ongoing liquid effluent discharges and oil spills should they occur. 
 
The remaining eight impact predictions (15%) addressed the social component of the environment. One of these 
concerned the conservation and heritage status of Thevenard Island and the region. This was classified in the 
general 'human' subject category. The four social predictions concerned potential impacts on recreational uses 
of the area by guests staying at the Mackerel Islands Pty Ltd tourist facility on Thevenard Island (eg. potential 
adverse  aesthetic,  privacy  and  noise  impacts).  The  three  economic  predictions  included  a  commitment  by 
WAPET to maintain their investment in the town of Onslow (eg. support facilities for their oilfield exploration 
and development activities in the region) and potential impacts on commercial fishing in the region. 
 
The majority of impact predictions (45 or 83%) for the Saladin Oilfield project were related in some way to the 
identified issues of significance listed previously in Table 9.1. Of these, 29 predictions (54%) directly related to 
significant  issues  and  16  predictions  (29%)  were  indirectly  related  to  significant  issues.  Only  9  impact 
predictions  (17%)  were  not  related  to  the  issues  identified  in  Table  9.1.  These  included  the  non-recreation 
predictions for the social component of the environment plus a number of predictions concerning sea-floor 
habitat changes resulting from offshore pipeline construction. 
 
The vast majority of impact predictions were expressed in formal terms. Only one statement (2%) was classified 
as representing the general identification of a potential impact only. This related increased water turbidity to 
dredging activities but was not applied specifically to the proposal. 
 
Despite the high rate of formal prediction, only two impact predictions (4%) were expressed in quantitative 
terms. These quantified the area of a particular habitat type of Thevenard Island (inland dune ridge habitat) 
which would be affected by onshore development, and the distance either side of the trench for submarine 
pipeline construction where side cast dredged material would be deposited. A further 17 impact predictions 
(31%) were expressed qualitatively but in precise terms while the remaining 35 qualitative impact predictions 
(65%) were expressed in vague terms only.  
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More  than  half  of  the  impact  predictions  (34  or  63%)  had  some  sort  of  environmental  management  action 
associated with them. Predictions addressing significant issues directly were more likely to have an associated 
management  action.  Predictions  not  related  to  significant  issues  were  less  likely  to  have  any  associated 
management.  This  finding  implies  that  environmental  management  actions  for  this  project  were  mostly 
focussed  on  significant  issues.  There  were  an  insufficient  number  of  quantitative  and  general  impact 
identification predictions to determine whether these have any bearing on related environmental management. 
However,  the  vague  qualitative  predictions  were  just  as  likely  to  have  environmental  management  actions 
related to them as the precise qualitative predictions, which implies that method of impact prediction had no 
bearing on subsequent management considerations. 
 
Only  18  impact  predictions  (33%)  had  an  actual  observed  impact  corresponding  to  them.  There  was  no 
information available to determine whether or not an impact had occurred for six of the predictions (11%). Four 
of these concerned the biological component of the environment and mostly related to potential impacts on 
local fish abundance and distribution, for which there was no specific follow-up monitoring undertaken. The 
remaining two predictions for which there was no information concerned water quality issues. Firstly, the effect 
of the island facilities on groundwater recharge which was not monitored. Secondly, the potential impacts of 
the produced water outfall discharge which was monitored but for which the results were inconclusive (this 
issue is discussed in detail in Section 9.8). 
 
         
  Why Didn't Impact Occur?  No.  %   
         
  EIA Management  7  13   
  Accurate Prediction  11  20   
  Inaccurate Prediction  2  4   
  Other  10  19   
  No Information  6  11   
  Not Applicable  18  33   
         
  Total  54  100   
         
Table 9.3 Reasons Why Predicted Impacts Did Not Eventuate for the Saladin Oilfield Project. 
 
For  the  remaining  30  impact  predictions  (56%),  no  environmental  impact  was  recorded  (Table  9.3).  Eleven 
predictions (20%) that identified a potential impact but indicated that it would not be likely to occur were found 
to be accurate. A further two predictions (4%) concerned potential impacts that were expected to occur, but did 
not eventuate in practice (i.e. these predictions were inaccurate). Seven predictions (13%) identified potential 
impacts that were avoided in practice through the implementation of environmental management programmes. 
These predominantly concerned potential impacts on the flora and fauna of Thevenard Island (eg. initial habitat 
disturbance during construction, ongoing disturbance caused by island work-force activities and disturbance to 
turtle migration patterns caused by external lights). These concerns have successfully been avoided through the 
application  of  a  strict  worker  induction  training  and  ongoing  staff  management  programme  conducted  by 
WAPET  which  has  minimised  the  extent  of  physical  disturbance  on  Thevenard  Island  (Pers.  comm.  K. 
Pendoley, WAPET, 10 May 1994). A lighting audit resulted in light shading modifications (WAPET 1992) and 
subsequent turtle track monitoring during one breeding season did not record any problems (Pers. comm. K. 
Pendoley, WAPET, 10 May 1994). 
 
The remaining ten predictions (19%) for which no impact was recorded were the result of other reasons. The 
most common of these other reasons was that a particular event necessary for the predicted impact to occur had 
not taken place. For example, several predictions concerned the potential impacts of a major oil spill on marine 
ecosystems in the vicinity of the Saladin Oilfield. As no oil spills had occurred at the time of this research, these 
predicted impacts have not eventuated. 
 
9.5  RECORDED IMPACTS FOR THE SALADIN OILFIELD PROJECT 
 
A total of 16 environmental impacts were recorded for the Saladin Oilfield project. In the following discussion, 
these  impacts  are  examined  in  terms  of  environmental  component  and  subject,  manner  of  impact 
determination,  their  perceived  significance,  predictive  accuracy,  outcome  compared  to  predictions  and 
environmental management response. 
 
Approximately one third (32%) of the recorded impacts related to the physical component of the environment 
(Table 9.4). The two impacts concerning physical processes (13%) involved modifications to the land surface 
including groundwater recharge patterns on Thevenard Island from construction of the onshore facilities and 
disruption to natural long-shore sand movement created by construction of a sheet-pile jetty. Water quality 
impacts  (13%)  included  salinity  increases  in  the  superficial  groundwater  resources  of  Thevenard  Island 
resulting  from  dust  suppression  spraying  utilising  sea  water,  and  elevated  heavy  metal  concentrations  in 
sediments adjacent to leak points in the ocean outfall discharging produced waters. A single impact (6%) on the   154 
soil  conditions  of  Thevenard  Island  within  the  developed  area,  whereby  increased  pH  and  salinity  levels 
resulting from the use of cement and sea water for dust suppression, was also recorded. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  5  32   
    Physical Processes  2  (13%)       
    Water Quality  2  (13%)       
    Landform/Soil  1  (6%)       
         
  Biological Component  8  50   
         
  Social Component  3  18   
    Human  1  (6%)       
    Recreation  1  (6%)       
    Economic  1  (6%)       
         
  Total  16  100   
         
Table 9.4 Environmental Component and Subject of Recorded Impacts for the Saladin Oilfield project. 
 
Exactly half of the recorded impacts concerned the biological component of the environment. These cover a 
range  of  specific  impacts  relating  to  the  flora  and  fauna  of  both  Thevenard  Island  and  adjacent  marine 
communities disturbed by construction and operation activities. Some examples include: 
  the introduction of weed species to Thevenard Island during airstrip seeding; 
  the death of birds burnt by the tower and pit flares; 
  the outbreak of a number of small fires in the native vegetation within the WAPET lease area (mostly caused 
by birds burnt by the flare tower and use of the flare pit); 
  loss  of  limestone  pavement  and  coral  habitat  associated  with  construction  of  the  offshore  pipelines  and 
production wells; and 
  smothering of a coral reef near the sheet pile jetty due to the combined effect of sand accumulation alongside 
the jetty structure and turbidity generated by barges docking at the jetty using their propellers to hold the 
vessel against the landing. 
 
Three impacts (18%) on the social component of the environment were recorded. These concerned an accident 
involving a tug boat holed on an abandoned well structure, the loss of privacy for visitors to the Mackerel 
Islands Pty Ltd tourist facilities on Thevenard Island and the economic benefits (employment and financial) 
resulting from the project for the town of Onslow and Western Australia generally. 
 
The impacts were recorded in a variety of ways, as shown in Table 9.5. BACI monitoring was used to determine 
that the Forrest's Mouse has become absent from the WAPET lease area on Thevenard Island (they are believed 
to have been driven out through a combination of habitat removal from building construction and an invasion 
of  common  house  mice)  and  to  record  the  introduction  of  several  foreign  plant  species  to  the  island.  The 
changes to soil pH and salinity in areas subjected to dust suppression were determined by comparison with two 
undisturbed control sites located away from developed areas. This monitoring commenced approximately five 
months after construction activity had commenced so no baseline data is available. An increase in groundwater 
salinity resulting from dust suppression spraying with sea water was determined from a programme of regular 
sampling and measurement also initiated five months after construction commenced. It is possible that control 
sites were also utilised for this monitoring (and likely given that control sites were used for the equivalent soil 
monitoring), however, no information was available to verify this. Impacts that were recorded as a result of 
some sampling and measurement activity concerned heavy metal concentrations in sediments adjacent to leak 
points in the produced waters discharge outfall and the extent of smothering of a coral reef resulting from long-
shore sand trapped by the sheet-pile jetty. 
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  How Was Impact Detected?  No.  %   
         
  Before-After/Control-Impact (BACI) 
Monitoring 
 
2 
 
13 
 
  Control or Before-After Only  1  6   
  Regular Measurement  1  6   
  Some Measurement  2  13   
  Observation Only  5  31   
  Inevitable  5  31   
         
  Total  16  100   
         
Table 9.5 Method of Impact Detection for the Saladin Oilfield Project. 
 
The majority of impacts were detected by either simple observation (eg. dust emissions during construction, 
bird deaths from flying into the waste-gas flare and small fires in the WAPET lease area resulting from flare 
operations) or because they were the inevitable consequences of project implementation (eg. island and offshore 
habitat losses and modifications from facility construction and loss of privacy for Mackerel Islands Pty Ltd 
visitors). 
 
Ten impacts (62%) represented one or more of the significant issues identified in Table 9.1. Two impacts (13%) 
did not represent significant issues although these had been identified during the pre-development stages of 
EIA. The remaining four impacts (25%) represented new issues. These impacts included sand build up caused 
by  the  sheet  pile  jetty,  the  holing  of  the  tug  boat  on  an  abandoned  well  casing,  elevated  heavy  metal 
concentrations in sediments adjacent to the produced water outfall and the employment and financial benefits 
of the project. 
 
Exactly half of the recorded environmental impacts were identified in the impact predictions in some way and 
half were not. This indicates that the prediction process was not very successful at identifying in advance the 
environmental outcomes that actually occurred in practice.  
 
Of the eight impacts (50%) that were identified in impact predictions in some way, four (25%) were accurately 
predicted to occur and four (25%) were not. Hence, overall a low level of predictive accuracy was recorded with 
respect  to  the  occurrence  of  actual  environmental  impacts.  The  accurately  predicted  impacts  were  mostly 
inevitable outcomes of project implementation such as loss of limestone pavement habitat for construction of 
offshore facilities, loss of privacy for Mackerel Islands Pty Ltd visitors and economic benefits for Onslow and 
the state. The inaccurately predicted impacts were as follows: 
  modification  of  land  on  Thevenard  Island  for  construction  of  onshore  facilities  which  was  greater  than 
originally expected due to the establishment of three onshore wells in addition to the offshore platforms. 
Hence, this was the result of a project design change; 
  the introduction of new weed species to Thevenard Island, particularly during seeding of the airstrip. The 
relevant predictions identified some concerns with existing weeds but did not expect any new species to 
become established. In practice WAPET have carried out a rigorous quarantine process for all staff and 
equipment taken to Thevenard Island. Hence the accidental introduction of two weed species in seed used to 
revegetate the islands airstrip is an element of poor environmental management; 
  the incidence of fires within the lease area. These have been largely ignited by birds burnt in the waste gas 
flare and consequently a higher than predicted occurrence of fire outbreak has been recorded; and 
  the absence of Forrest's Mouse in the WAPET lease area. The relevant predictions expected these animals to 
stay away during the construction phase and to return during ongoing project operations, whereas this has 
not  been  the  case  due  in  part  to  loss  of  available  habitat  and  competition  from  house  mice  (despite  an 
ongoing mice trapping programme). 
 
In all four cases of inaccurately predicted impacts, the outcome was worse than predicted. Only one impact was 
better than predicted and this concerned the economic benefits of the project. The original predictions did not 
consider the wider economic benefits of the project (eg. to the State) and underestimated the growth in WAPET 
activities on and around Thevenard Island (eg. subsequent development of the Cowle, Yammaderry, Roller and 
Skate fields which were able to be exploited due to the presence of the oil processing facilities created as part of 
the Saladin Oilfield project). 
 
A management response was not required for four of the observed impacts (25%). Two of these concerned loss 
of marine habitat as a result of construction of offshore infrastructure, a third concerned the holing of the tug 
boat and the forth was the economic benefits of the project. 
 
Two impacts (12%) were not responded to by the project managers. One of these related to the birds burnt from 
flying into the waste gas flare. It was noted in the fourth annual monitoring report that no significant bird losses 
have occurred and that usage of the flare will decrease when gas is piped to the mainland (WAPET 1993). 
Hence a management response is perhaps not warranted in this case. Secondly, there was no management   156 
response to the finding of elevated heavy metal concentrations in marine sediments near a leak site in the 
produced waters ocean outfall. However, this impact is no longer a potential ongoing concern as a result of 
subsequent changes in the disposal of produced waters (discussed in detail in Section 9.8). 
 
The remaining 10 impacts (63%) did receive some sort of management response. Of these, four impacts were 
inaccurately predicted and four were not included at all in the original impact predictions. The most common 
management response to observed impacts (for seven impacts or 45% overall) was some sort of rectification 
measure. Examples include: 
  progressive rehabilitation of temporarily disturbed areas on Thevenard Island; 
  replacement of the sheet pile jetty which was inhibiting natural long-shore sand movements with an open 
pile structure; 
  ongoing hand weeding by the island based work-force to remove introduced plants; and 
  use  of  fresh  water  from  the  reverse  osmosis  plant  for  any  dust  control  spraying  on  Thevenard  Island. 
Monitoring  results  indicate  that  salinity  levels  in  soil  and  groundwater  have  decreased  since  the  initial 
construction period when sea water was used for dust control (WAPET 1992). 
One impact (6%) is managed on an ongoing basis that seeks to minimise the extent of the impact. This relates to 
the  absence  of  the  native  Forrest's  Mouse  in  the  WAPET  lease  area  on  Thevenard  Island.  In  addition  to 
maintaining  natural  habitat  areas  wherever  possible  around  the  oil  production  facilities,  including 
rehabilitation  of  disturbed  areas;  WAPET  undertake  regular  house  mice  trapping  in  order  to  control  the 
resident  population  of  these  introduced  species.  (It  should  be  noted  that  mice  were  already  present  on 
Thevenard Island prior to the commencement of WAPET operations). By keeping mice numbers as low as 
possible, it is more likely that the Forrest's Mouse will return to this part of the island. 
 
The two remaining impacts (12%) had some sort of other response by the project managers. Firstly, the outbreak 
of scrub fires resulting from use of the waste gas flare are responded to by WAPET staff trained in fire fighting 
techniques. The recorded fires were all extinguished within 10-20 minutes of their sighting (WAPET 1992). 
Secondly, the loss of privacy for Mackerel Islands Pty Ltd visitors has been responded to by WAPET staff 
conducting tours of the oil production facilities for all visitors to the tourist resort on Thevenard Island. While 
this management action does not alleviate the incongruity of having an industrial complex located adjacent to a 
holiday resort, it does enhance the working relationship of these different users of Thevenard Island (Pers. 
comm. K. Pendoley, WAPET, 10 May 1994). 
 
 
9.6  ENVIRONMENTAL MANAGEMENT OF THE SALADIN OILFIELD PROJECT 
 
A  total  of  58  environmental  management  records  were  identified  for  the  Saladin  Oilfield  project.  In  the 
following discussion, these records are examined in terms of environmental component and subject, level of 
implementation, relationship with impact prediction, origin of environmental management and classification of 
management nature with regard to potential impacts. 
 
The focus of management records in terms of environmental component and subject is shown in Table 9.6. By 
comparing this table with the similar tables for the impact predictions and observed impacts (Tables 9.2 and 
9.4), certain data trends become apparent. Exactly half of the recorded environmental management records (29 
records or 50%) addressed the physical component of the environment. This compares with 18% of the impact 
predictions and 32% of the recorded impacts. The trend that emerges is for greater emphasis on environmental 
management effort for the physical component of the environment than was warranted in comparison with the 
impact prediction process or occurrence of actual impacts. 
 
Several management actions (5%) were classified by subject as relating to physical processes. These involved 
the  collection  and  removal  to  the  mainland  of  solid  wastes  from  the  facilities  on  Thevenard  Island  and 
investigations of surface current movements used for the preparation of the OSCP. Most management actions 
(33%) within the physical component of the environment concerned water quality issues including matters such 
as: 
  the  management  of  discharges  into  the  marine  environment  (sewage,  reverse  osmosis  plant  waste  and 
produced waters); 
  preparation of an OSCP to manage and protect marine water quality; 
  management of rainwater runoff and groundwater recharge on Thevenard Island; and 
  providing seals and bunds for tanks and pipes carrying oil products to minimise or avoid the risk of spillage 
in the event of leakages. 
Two management actions (3%) concerned air quality issues. These related to the burning of flammable solid 
wastes  in  an  authorised  incinerator  on  Thevenard  Island  and  the  control  of  dust  caused  by  construction 
activities. The remaining five physical component environmental management actions (9%) concerned soil and 
landform issues such as the importation of aggregates from the mainland to Thevenard Island for construction, 
stockpiling  of  topsoil  stripped  from  development  areas  and  surface  restoration  and  stabilisation  during 
rehabilitation of temporarily disturbed areas. 
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  Component and Subject  No.  %   
         
  Physical Component  29  50   
    Physical Processes  3  (5%)       
    Water Quality  19  (33%)       
    Air Quality  2  (3%)       
    Landform/Soil  5  (9%)       
         
  Biological Component  25  44   
         
  Social Component  4  6   
    Human  2  (3%)       
    Recreation  2  (3%)       
         
  Total  58  100   
         
Table 9.6 Environmental Component and Subject of Management Records for the Saladin Oilfield Project. 
 
While some 67% of impact predictions and 50% of the recorded impacts concerned the biological component of 
the environment, only 44% of environmental management records addressed this component. The trend that 
emerges is for lesser emphasis on management effort for the biological component of the environment than was 
warranted in comparison with the impact prediction process or occurrence of actual impacts. In terms of scope, 
management of biological issues included: 
  training  and  managing  the  island  based  work-force  to  minimise  impacts  on  native  flora  and  fauna  (eg. 
quarantine and fumigation of equipment brought to the island, weed removal, mice trapping programmes, 
control of vehicle movements and routes etc.); 
  shading external lights to avoid attracting turtle hatchlings (i.e. to ensure that artificial lighting does not 
impact on natural turtle breeding on Thevenard Island); 
  fire prevention and fire fighting training for the island work-force; and 
  offshore pipeline routing and construction to minimise disturbance to marine habitats 
 
Very little management activity (four records or 6%) was directed at the social component of the environment. 
This compares with the 15% of impact predictions and 18% of recorded environmental impacts that concerned 
social issues. The trend that emerges is for lesser emphasis on management effort for the social component of 
the environment than was warranted in comparison with the impact prediction process or occurrence of actual 
impacts. Two management activities concerned human well-being issues and related to noise emissions and a 
hazard  risk  analysis  aimed  at  protecting  both  the  work-force  and  tourists  on  Thevenard  Island.  The  two 
recreation management activities referred to consultations undertaken between WAPET and Mackerel Islands 
Pty Ltd in order to ensure the successful co-existence of both developments on Thevenard Island.  
 
An extremely high level of implementation of proposed management actions was recorded (Table 9.7). Overall, 
some 88% of proposed management actions were implemented in practice and most of these (72% overall) were 
implemented as intended. 
 
         
  Was  Proposed  Management  Action 
Implemented? 
 
No. 
 
% 
 
         
  Total Yes Categories  51  88   
    Yes in Detail  42  (72%)       
    Yes in Part  4  (7%)       
    Yes in Effect  5  (9%)       
  Not Applicable Yet  3  5   
  No  0  0   
  No Information  1  2   
  New Action  3  5   
         
  Total  58  100   
         
Table 9.7 Implementation of Environmental Management Actions for the Saladin Oilfield Project. 
 
Four management actions (7%) were only implemented in part. For example, a commitment to flare waste gas 
within an enclosed incinerator did not provide for periods of flare tower maintenance, during which time a 
temporary flare pit in the dunes was used. The use of the flare pit has been associated with the outbreak of fires 
in nearby vegetation (WAPET 1992) as discussed in the previous section. The other three management actions 
implemented in part only had minimal environmental impact ramifications. Five management actions (9%)   158 
were  achieved  in  different  ways  to  the  originally  proposed  method.  For  example,  a  commitment  to  shade 
external lights (for turtle management purposes) was not completely complied with originally. However, an 
audit of lighting around the plant was conducted in 1990 which resulted in significant modification to some 
lights (WAPET 1992). No impact on turtle movements has been recorded in relation to the external lighting as 
discussed previously. A second example involved a commitment to pass putrescible kitchen waste from the 
island work-force facilities through a garbage grinder before passing into the sewage treatment plant and being 
disposed via the offshore submarine pipeline. This was proposed in order to avoid disposal of organic solid 
wastes on Thevenard Island. In practice this waste is transported to the mainland for disposal (Pers. Comm. K. 
Pendoley, WAPET, 10 May 1994) which achieves the same objective.  
 
Several proposed management actions (5%) were not yet applicable at the time of this research because the 
events they relate to had not occurred. These were all proponent commitments and concerned the treatment of 
rainwater runoff from bunded oil processing areas if hydrocarbon contamination occurred, the controlled use of 
oil dispersants in the event of a major oil spill event and steps to be undertaken during decommissioning of the 
project. 
 
There were no cases where a proposed management action failed to be implemented although in one case there 
was no information to determine implementation status. This concerned a recommendation by the EPA that 
offshore pipeline dredging should not be carried out in March in order to avoid the coral spawning period (i.e. 
concern that turbidity from dredging may have adverse impacts in this regard). The people interviewed for this 
case study were not involved in the project during the time of initial construction activity and were not able to 
provide any information on the exact timing of offshore pipeline dredging. 
 
Several  new  environmental  management  actions  (5%)  not  previously  identified  in  the  pre-decision  EIA 
documentation  have  been  implemented  in  practice.  These  are  the  ongoing  hand  weeding  and  house  mice 
trapping programmes to control the spread of introduced species on Thevenard Island, and changes to the 
disposal of produced waters (discussed fully in Section 9.8). 
 
The vast majority of environmental management records (53 records or 91%) were related to impact predictions 
in some way. It would appear that the design of environmental management strategies for the Saladin Oilfield 
project has largely been in association with the impact prediction process. In the original ERMP document 
separate  chapters  were  devoted  to  the  prediction  of  impacts  and  the  identification  of  environmental 
management  actions.  At  the  start  of  the  environmental  management  chapter  (which  followed  the  impact 
predictions chapter) it was stated that: 
 
Comprehensive management will be required to ensure that the potential environmental effects associated 
with this project do not eventuate and actual effects are minimised and managed. (LeProvost Semeniuk & 
Chalmer 1987, p72). 
 
It is evident from this that the proponent specifically used the impact prediction process during the design of 
environmental management programmes. 
 
Overall, only eight management actions (14%) were proposed by the EPA in their assessment report with the 
remaining 50 (86%) being proposed or established by the proponent. Hence the proponent has largely been 
responsible for the design as well as the implementation of environmental management programmes for the 
project.  Of  the  management  actions  established  by  the  proponent,  44  (76%)  were  proposed  in  the  ERMP 
document,  three  (5%)  originated  from  the  EMP  document  and  the  remaining  three  (5%)  were  new  actions 
established  after  the  project  operations  commenced.  Hence  the  majority  of  environmental  management 
strategies  were  established  during  the  pre-decision  stage  of  EIA  although  some  ongoing  environmental 
management has occurred since then. 
 
The  classification  of  the  nature  of  environmental  management  actions  is  shown  in  Table  9.8.  Twelve 
management  actions  sought  to  avoid  the  occurrence  of  impacts  outright  (21%).  Examples  of  these  include 
various training programmes and controls for the work-force based on Thevenard Island to avoid unnecessary 
disturbance to the flora and fauna, provision of bunds and other safety equipment to prevent oil escaping into 
the environment in the event of accidents or leakages from tanks, pipelines or well-heads, and the use of a 
hazard risk analysis in the final design and layout of onshore facilities to protect both the work-force and 
visitors to the adjacent holiday camp. 
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  Nature of Management Actions  No.  %   
         
  Avoidance of Impact  12  21   
  Initial Impact Minimisation  10  17   
  Rectification or Rehabilitation  7  12   
  Ongoing Impact Minimisation  29  50   
  Compensation  0  0   
         
  Total  58  100   
         
Table 9.8. Classification of the Nature of Management Actions for the Saladin Oilfield Project with Respect to 
Potential Environmental Impacts. 
 
The majority of management actions sought to minimise environmental impacts in some way. Examples of the 
10 actions (17%) to initially minimise the extent of an otherwise unavoidable impact include: 
  dust control spraying during construction activities; 
  a commitment to extend the waste water pipeline until a water depth of at least 12m was reached (i.e. a 
greater dilution and dispersion potential could be achieved than if the discharge was to shallower water 
adjacent to Thevenard Island); and 
  careful offshore pipeline routing and construction to minimise disturbance to coral ecosystems. 
Half of the management actions (29 records or 50%) sought to minimise the extent of ongoing environmental 
impacts. Examples include: 
  the collection, treatment and disposal of various solid and liquid wastes to minimise impacts on Thevenard 
Island and sensitive marine communities; 
  diffusing rainwater runoff to recharge groundwater on Thevenard Island; and 
  control of all vehicles used on Thevenard Island (eg. aircraft, boats and cars) to ensure they are restricted to 
designated access areas only. 
 
There were no cases of environmental management in the form of compensation measures and relatively few 
(seven  records  or  12%)  actions  rectifying  or  rehabilitating  impacted  areas  (examples  include  the  weeding 
programme, rehabilitation of temporarily disturbed areas on Thevenard Island and the commitment concerning 
decommissioning of the project in the future). Hence overall, there has been relatively little focus on reactive 
environmental management. Instead most environmental management (consistent with the quotation from the 
ERMP presented previously) has pro-actively sought to avoid and minimise the occurrence of environmental 
impacts. 
 
 
9.7  ENVIRONMENTAL MONITORING OF THE SALADIN OILFIELD PROJECT 
 
A total of 21 monitoring records were identified for the Saladin Oilfield project. In the following discussion, 
these  records  are  examined  in  terms  of  environmental  component  and  subject,  origin  of  monitoring, 
relationship with identified significant issues, relationship with environmental management activities and the 
scientific rigour of the monitoring techniques used. 
 
In relation to the environmental component and subject of environmental monitoring programmes (Table 9.9), 
the trends identified in Section 9.6 previously are continued. 
 
         
  Component and Subject  No.  %   
         
  Physical Component  13  62   
    Physical Processes  4  (19%)       
    Water Quality  8  (38%)       
    Landform/Soil  1  (5%)       
         
  Biological Component  8  38   
         
  Social Component  0  0   
         
  Total  21  100   
         
Table 9.9 Environmental Component and Subject of Environmental Monitoring Records for the Saladin Oilfield 
Project. 
 
The  greatest  emphasis  (13  records  or  62%)  has  been  placed  on  monitoring  the  physical  component  of  the 
environment.  This  contrasts  markedly  with  the  relative  attention  given  to  the  physical  component  of  the   160 
environment  in  the  impact  predictions  (Table  9.2)  or  recorded  in  actual  impacts  (Table  9.4).  Four  records 
concerned the monitoring of physical processes (19%) such as ambient weather conditions and wind-driven 
ocean currents (for predicting oil dispersion in the event of a major spill event), evaluation of the weathering 
rate  of  spilled  Saladin  crude  oil  on  local  beaches,  and  beach  profile  measurement  adjacent  to  the  jetty  on 
Thevenard Island. Most physical component monitoring addressed water quality issues (eight records or 38%). 
These included various contaminant concentrations in the produced water itself, marine water quality in the 
vicinity of the waste water outfall and the quality of groundwater on Thevenard Island. A single record (5%) 
related to monitoring of the quality of Thevenard Island soils. 
 
Relatively few monitoring records have addressed the biological component of the environment (eight records 
or 38%) compared to the proportion of impact predictions and recorded impacts concerning biological issues. 
These records include reference to various specific flora and fauna surveys of terrestrial and marine ecosystems 
on and around Thevenard Island. 
 
There were no monitoring records relating to the social component of the environment. 
 
Approximately  half  of  the  monitoring  records  (10  records  or  48%)  were  proposed  in  the  pre-decision  EIA 
documents. Of these, six were identified in either the ERMP or EPA report documents and the remaining four 
were identified in the subsequent EMP document. Two of the monitoring records (10%) identified in the pre-
decision EIA documentation were not implemented in practice. The first involved an ERMP commitment to 
determine  bacterial  counts  from  sewage  in  the  waste  water  discharge  (which  could  not  be  undertaken  in 
practice  due  to  the  small  volume  of  sewage  compared  to  produced  water).  The  second  was  an  EMP 
commitment to sample near the waste water discharge outlet in order to determine mixing zone and dilution 
characteristics  (the  programme  was  initially  delayed  and  then  abandoned  when  alternative  disposal  of 
produced water was implemented). All other monitoring records were implemented in practice. 
 
Most monitoring records were related to the list of significant issues identified during project assessment by the 
EPA (Table 9.1) in some way. Nine records (43%) were directly related to significant issues and seven (33%) 
were indirectly related. The remaining five records (24%) did not represent identified significant issues. These 
related in part to issues discussed in the pre-decision EIA documentation but not considered to be important 
(eg. weather conditions and bacteria concentrations in waste water) and in part to new or unexpected impacts 
and  issues  (eg.  increased  soil  salinity  resulting  from  seawater  spraying  for  dust  control  and  beach  profiles 
adjacent to the jetty). 
 
Approximately half of the monitoring records (11 records or 52%) had some sort of environmental management 
action associated with them. Three monitoring records (14%) did not require any sort of management response 
(weather  monitoring,  aerial  photography  of  Thevenard  Island  and  biocide  concentration  measurement  in 
outfall water which was below the detection limit). The remaining seven monitoring records (34%) did not have 
any corresponding management action. 
 
With  respect  to  the  scientific  nature  of  monitoring  programmes,  there  were  three  examples  (14%)  of  BACI 
monitoring.  Two  of  these  concerned  surveys  of  native  and  introduced  flora  and  fauna  in  and  around  the 
WAPET lease area on Thevenard Island. Pre-development surveys had been undertaken and control sites were 
established in undeveloped parts of the island. The third use of BACI monitoring involved investigations of the 
effect of produced water disposal into the ocean on grouped samples of transplanted corals and oysters. These 
animals  were  subsequently  examined  with  respect  to  metal  and  hydrocarbon  concentrations.  Baseline 
information was determined from samples taken before the animals were transplanted and control sites were 
established. Furthermore, the monitoring programme was tested for statistical significance, which resulted in 
additional  grouped  samples  being  utilised  both  at  the  outfall  and  control  sites  (Pers.  Comm.  K.  Pendoley, 
WAPET 10 May 1994). This was the only use of statistical testing recorded in all of six case studies and their 
respective monitoring programmes examined in this study. 
 
The  most  common  method  of  monitoring  for  the  Saladin  Oilfield  project  involved  simple  measurement 
procedures  (14  records  or  66%)  with  little  use  of  control  sites  or  baseline  data.  Only  two  monitoring 
programmes  (10%)  involved  the  use  of  observations  only.  These  were  annual  aerial  photographing  of 
Thevenard Island, and determination of the aesthetic character and weathering rate of spilled Saladin crude oil 
by examining a deliberately spilled sample onto beach sand. 
 
The issue of the disposal of produced waters from the oil production facilities on Thevenard Island has received 
a  lot  of  attention  for  this  project  with  respect  to  impact  prediction,  environmental  management  and 
environmental monitoring. This issue, therefore, is discussed in detail in the following section. A summarised 
account of the management of this issue has previously been published in Morrison-Saunders (1996b).  
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9.8  MANAGEMENT OF PRODUCED WATERS CONTAINING OIL RESIDUES FOR THE SALADIN 
OILFIELD PROJECT 
 
While  a  broad  range  of  issues  of  significance  were  identified  for  the  Saladin  Oilfield  project  (Table  9.1), 
considerable emphasis was placed on the risk of oil spills and their subsequent management in the ERMP, EPA 
report and EMP documents. One of the conditions of project approval required the preparation of an OSCP 
which outlined management measures to be undertaken in the event of an oil spill. The OSCP was also required 
to provide information on the sensitivity to oil of the various sub tidal and intertidal environments that may be 
affected by oil spills plus expected surface oil movements from spills adjacent to Thevenard Island (EPA 1987a). 
In practice there had been no major oil spills at the time of the audit. This can be largely attributed to the high 
level of standard industry safeguards utilised by WAPET (Pers. Comm. K. Pendoley, WAPET, 2 May 1994). The 
ERMP for this project was one of the first produced for the oil and gas industry in WA and consequently there 
was  little  information  or  guidance  on  what  issues  to  focus  on.  Participants  interviewed  for  this  research 
suggested that too much attention was given to the risk of a major oil spill occurring, which in terms of the 
standard industry safeguards adopted is fairly unlikely to occur, while many of the more serious potential long-
term and ongoing impacts were not given enough attention (Pers. Comm. D. Betts, DEP, 1 April 1994, Pers. 
Comm. K. Pendoley, WAPET, 10 May 1994). An example of the latter is the disposal of produced water which is 
now discussed in greater detail. 
 
The material extracted from each of the production wells contains a mixture of oil, gas and water which is 
pumped  to  the  processing  facilities  on  Thevenard  Island  for  separation.  Once  the  oil  and  gas  have  been 
recovered, the produced water remains which requires disposal. Originally, the produced water underwent a 
number of clean-up stages before being commingled with the reverse osmosis plant reject water and sewerage 
treatment plant water. This combined wastewater was then discharged into the ocean in water of 15m depth via 
an approximately 1km offshore pipeline (WAPET 1992). The produced water contains residual oil plus residual 
levels  of  treatment  chemicals  such  as  biocides,  corrosion  inhibitors,  scale  inhibitors  and  oxygen  scavenger. 
Produced  water  production  rates  in  1992  were  up  to  2,940m3/day  (WAPET  1993).  License  conditions 
established for the project by the EPA required that oil in water concentrations discharged from the water 
treatment plant should not be greater than 50 mg/l. Subsequent monitoring reports (eg. WAPET 1992, 1993) 
compared the results of water quality monitoring with this criterion. While the criterion was exceeded from 
time to time, it was generally complied with. 
 
Despite compliance with licensed discharge conditions, officers from the DEP and WAPET alike had some 
concerns regarding the potential environmental impact of the wastewater outfall (Pers. Comm. D. Betts, DEP, 1 
April 1994, Pers. Comm. K. Pendoley, WAPET, 2 May 1994). The produced water represents a potential long-
term chronic impact of oil and the other contaminants on the marine environment, rather than the short-term 
acute effects that would be associated with a major oil spill event. Monitoring programmes that targeted this 
issue included dilution and dispersal modelling of the wastewater outfall plus marine biological monitoring of 
coral, seagrass and algae growth patterns and sediment hydrocarbon concentrations. No adverse environmental 
impacts have been detected by the biological monitoring programme. However, it may be that environmental 
change has occurred which the monitoring programme was not able to detect. In reporting on the biological 
monitoring programme in Appendix 4 of the 1992 triennial monitoring report it was stated that: 
 
The complexity and variability in community structure and population dynamics coupled with the relatively 
small and unreplicated transect areas which are being monitored, is a potential concern because the present 
programme lacks the sensitivity to detect all but gross and acute (mortality) effects of a major oil spill should 
one occur. For example, without replicate transects to ascertain the extent of within-site variation, chronic and 
gradational effects would be difficult to detect. (LeProvost Environmental Consultants 1992, p17). 
 
Hence  a  potential  adverse  environmental  impact  may  have  occurred  that  has  gone  undetected  despite  the 
implementation of monitoring programmes. 
 
WAPET have addressed the uncertainty surrounding the management of this issue by making changes to their 
wastewater disposal methods. This came about following the discovery of holes and leakages in the ocean 
outfall pipeline several years after project commencement. The leakages meant that some of the wastewater was 
being  discharged  into  relatively  shallow  marine  waters  near  Thevenard  Island.  Initially  the  management 
response was to patch up the pipeline leak points. However, this proved to be inadequate as new leak points 
developed. WAPET identified a number of rectification options including re-lining or completely replacing the 
pipeline and alternative discharge via disposal wells. The latter option was favoured and from March 1995, 
produced  water  has  been  discharged  into  disposal  wells  drilled  approximately  600m  below  the  surface  of 
Thevenard Island (Pers. Comm. K. Pendoley, WAPET, 23 May 1995). 
 
At  the  time  of  this  research,  treated  sewage  wastewater  from  the  island  work-force  facilities  and  reverse 
osmosis plant reject water continued to be discharged through the ocean outfall. However, for the near future, 
WAPET  have  planned  for  the  treated  sewage  wastewater  to  be  discharged  on  Thevenard  Island  via  leach 
drains. This has been made possible by supplying the Mackerel Islands Pty Ltd holiday resort facilities with 
water obtained from the WAPET reverse osmosis water treatment plant. Formerly, the holiday camp relied on   162 
fresh groundwater supplies which eliminated the suitability of leach drain sewage disposal due to the potential 
for nutrient or bacterial contamination to occur (Pers. Comm. K. Pendoley, WAPET, 23 May 1995). 
 
The changes to the wastewater disposal methods for the Saladin Oilfield project provides a good example of the 
implementation of environmental management actions in the face of scientific uncertainty. By being pro-active 
in  their  project  management,  WAPET  are  now  avoiding  the  occurrence  of  an  ongoing  potential  adverse 
environmental impact. 
 
 
9.9  THE  INFLUENCE  OF  EIA  ON  ENVIRONMENTAL  MANAGEMENT  FOR  THE  SALADIN 
OILFIELD PROJECT 
 
This section examines the relationship between EIA and environmental management activities for the Saladin 
Oilfield project. The discussion commences by summarising the influence of the EIA process on environmental 
management. Subsequent sub-sections consider when this influence occurred and how it came about. 
 
 
9.9.1  DID THE EIA PROCESS INFLUENCE ENVIRONMENTAL MANAGEMENT OF THE SALADIN 
OILFIELD PROJECT? 
 
The previous discussion of the database results obtained for the Saladin Oilfield project has presented many 
examples of the influence of EIA on environmental management. In summary, some examples include: 
  most impacts predictions had environmental management actions related to them and it was clear that most 
management  activities  were  formulated  in  response  to  the  impact  prediction  process.  Furthermore, 
environmental management activities were focussed on important issues; 
  seven  predicted  impacts  (representing  13%  of  impact  predictions)  were  avoided  as  a  result  of  the 
implementation of environmental management programmes; 
  while only half of the recorded impacts (50%) had been identified in impact predictions and half of these 
(25%)  were  inaccurately  predicted  in  the  first  place,  most  of  these  were  responded  to  by  the  project 
managers. There were no examples evident where unacceptable adverse impacts were not managed; 
  some 95% of environmental management actions were proposed in the pre-development EIA documents 
and all were implemented in practice (except for those that relate to future events and therefore were not yet 
applicable at the time of this research); 
  most  environmental  management  actions  sought  to  either  avoid  or  minimise  impacts.  The  management 
actions involving rectification or rehabilitation measures all addressed impacts that could not be avoided in 
the first place;  
  most monitoring records were related to significant environmental issues; and 
  there  is  evidence  of  pro-active  environmental  management  being  implemented  in  the  face  of  scientific 
uncertainty  to  avoid  potential  impacts  (as  the  example  of  disposal  of  produced  waters  illustrates).  This 
management relates to the EMP process established by the EIA approval conditions. 
 
These examples provide strong evidence of the influence of the EIA process on environmental management 
activities for this case study. 
 
 
9.9.2  WHEN DID THE INFLUENCE OF EIA ON ENVIRONMENTAL MANAGEMENT OCCUR FOR 
THE SALADIN OILFIELD PROJECT? 
 
Having identified the influence of EIA on environmental management activities, it is of interest to understand 
when  this  influence  occurred.  The  proportion  of  environmental  management  and  monitoring  activities 
recorded for the Saladin Oilfield project falling into each of the pre-decision, post-decision and transitional 
stages of EIA is depicted in Figure 9.2. These are addressed in turn.  
 
The majority of the 58 environmental management records fell into the pre-decision category (46 or 79%). Many 
examples of these activities have been described in Section 9.6. Nine transitional activities (16%) were recorded. 
Both categories of the environmental management activities were proposed by the EPA and the proponent 
alike.  Many  of  the  transitional  activities  proposed  by  WAPET  were  reiterated  by  the  EPA  in  its 
recommendations.  Examples  of  these  included  the  need  for  ongoing  consultation  between  WAPET  and 
Mackerel  Islands  Pty.  Ltd.,  preparation  of  an  OSCP  and  a  strategy  plan  for  sensitive  marine  habitats.  An 
additional  transitional  activity  committed  to  by  WAPET  related  to  a  proposal  to  design  and  implement  a 
workforce  management  programme.  Three  post-decision  environmental  management  activities  (5%)  were 
established by the proponent. These activities, which related to the weeding programme, mouse control and 
alternative disposal of produced waters, were all initiated by the proponent. Progress with these activities has 
been documented in the annual monitoring reports prepared by WAPET. 
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A considerably different pattern is evident for the 16 monitoring records with respect to the three stages of EIA. 
Only two records (10%) fell into the pre-decision category. These related to monitoring of bacterial counts in the 
sewage outfall (not undertaken in practice) and measurement of the oil concentrations in produced waters. 
 
Eight  records  (38%)  fell  into  the  transitional  category.  Three  of  these  were  specific  monitoring  activities 
suggested by the EPA relating to the need for flora and fauna baseline studies and information on surface oil 
movements should a major oil spill occur. The remainder of the transitional monitoring activities relate to a 
recommendation by the EPA for the proponent to prepare an EMP prior to commencement of construction 
which would provide "detailed monitoring programmes related to the onshore and offshore aspects of the 
project"  (EPA  1987a,  piii).  The  details  of  these  activities  (plus  the  three  mentioned  previously)  were 
subsequently  documented  in  the  EMP.  They  include  annual  aerial  photography  of  Thevenard  Island, 
hydrocarbon concentrations in sediments, and coral and seagrass habitat monitoring.  
 
The majority of environmental monitoring activities (9 records or 56%) were initiated during the post-decision 
stage of EIA. These were documented in the various annual and triennial monitoring reports. They include 
monitoring  the  water  quality  characteristics  of  the  produced  water  (biocides,  heavy  metals  and  nutrients), 
salinity and pH in the soils and groundwater of Thevenard Island, turtle movements in relation to the flare 
tower, bird species utilising the island and beach profiles near the jetty. The post-decision monitoring activities 
have  been  implemented  either  in  response  to  known  environmental  impacts  (eg.  beach  profiles)  or  newly 
identified potential impacts (eg. potential chronic effect of produced waters on the marine environment). The 
high  proportion  of  post-decision  monitoring  activities  implies  an  adaptive  approach  has  been  taken  to 
understanding  the  environmental  impacts  of  the  project  (i.e.  there  were  no  new  issues  addressed  by  these 
monitoring programmes that had not previously been identified in the original impact prediction process). It 
also reflects the change in focus of management and monitoring attention discussed previously, away from the 
risk of a major oil spill occurring to cover more subtle potential ongoing impacts. 
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Figure 9.2 Origin of Environmental Management and Monitoring Activities for the Saladin Oilfield Project With 
Respect to the Principal Decision Point. 
 
 
9.9.3  HOW  DID  THE  ENVIRONMENTAL  MANAGEMENT  ACTIVITIES  FOR  THE  SALADIN 
OILFIELD PROJECT COME ABOUT? 
 
The last point to consider with respect to the EIA/environmental management relationship is the origin of 
environmental management activities. Evidence of the influence of external pressures, internal reforms and 
rational reforms are discussed in turn. 
 
There is evidence of external influences on management of the Saladin Oilfield project in relation to the matter 
of the OSCP. While the EPA made a recommendation (which subsequently became a legally binding ministerial 
condition) that the proponent should prepare an OSCP, this requirement has earlier origins than the specific 
EIA process for this case study. The proponent made a commitment to the preparation of an OSCP in the ERMP 
and even included an outline of such a plan as Appendix 8 to the ERMP (WAPET 1987). The motivation for this 
commitment  stems  from  an  earlier  Department  of  Conservation  and  Environment  document  outlining 
procedures for the protection of the Western Australian marine environment from oil spills (Jones et al. 1984). In 
this  document  Thevenard  Island  is  classified  as  an  "Environmentally  Significant  Area"  with  reference  to 
offshore petroleum exploration, production and transportation. Included in a list of environmental information   164 
needs requested from proponents of petroleum exploration or production activities in such areas is the need for 
an  OSCP  (Jones  et  al.  1984).  Hence,  in  this  case  the  EIA  process  has  reiterated  an  existing  environmental 
management procedure. 
 
Another external factor that would appear to have influenced management of the Saladin Oilfield project to 
some extent was the application of industry standards to well drilling and operation details. In the ERMP it is 
stated that: 
 
Oil industry and government standards have been developed and are regularly monitored with the objective 
of minimising risk to worker safety as well as the environment. (LeProvost Semeniuk & Chalmer 1987, p82). 
 
These standards include aspects such as well design to minimise or eliminate the possibility of a blow-out and 
oil containment and clean up equipment or procedures to be used in the event of an oil spill (Pers. Comm. K. 
Pendoley, WAPET, 10 May 1994). Hence some of the management actions and strategies identified in the EIA 
documents would have originated from industry based standards and practices. 
 
A third example of external influence on the project arose from the public review process. The EPA provided a 
summary of the major issues raised by public submissions on the ERMP proposal as an appendix to their report 
(EPA 1987a). Furthermore, they identified several major issues from these submissions which were included in 
the main body of the EPA report. Recommendations for management and monitoring actions concerning these 
issues were made by the EPA which were subsequently incorporated into the EMP document. Hence, concerns 
of the public were incorporated into the ongoing environmental management of the project. 
 
Only one example of internal reform was identified for the Saladin Oilfield project during this research. This 
related to the recruitment of specialist environmental staff by WAPET. Although WAPET already employed 
environmental  officers  when  the  project  was  first  proposed,  most  environmental  monitoring  and  report 
preparation was carried out by consultants (eg. preparation of the ERMP). WAPET have since expanded their 
environmental staff which has included recruitment of one of the marine biologists who had formerly worked 
on the project as a consultant. WAPET now conduct much of their own environmental monitoring programmes 
and the subsequent preparation of monitoring reports (Pers. Comm. K. Pendoley, WAPET, 10 May 1994). In 
addition, the environmental staff are responsible for the ongoing environmental management of the project (eg. 
conducting  oilfield  worker  induction  and  training  programmes).  The  involvement  of  full-time  staff  in 
environmental  management  is  more  likely  to  be  conducive  to  ongoing  and  adaptive  management  than 
periodically engaging the services of consultants. 
 
There is clear evidence of rational processes in operation during the EIA process for the Saladin Oilfield project. 
This  includes  the  post-decision  implementation  of  management  and  monitoring  programmes  as  planned 
during  the  pre-decision  stage  of  the  project.  As  particular  environmental  issues  have  become  resolved  (eg. 
management of construction stage impacts and development of an OSCP), management and monitoring effort 
has  been  focussed  on  other  issues.  Furthermore,  the  utility  of  environmental  monitoring  programmes 
themselves has been improved over time. An example of this was the statistical testing of heavy metal and 
hydrocarbon monitoring in corals and oysters positioned near the produced water outfall which resulted in 
additional  grouped  samples  being  added  to  the  monitoring  programme.  The  information  obtained  from 
monitoring programmes has been used to guide environmental management activities. An example of this was 
the changes to the disposal of produced water in light of the uncertainty concerning the potential adverse 
impacts on the marine environment. Hence, it would appear that rational processes have made an important 
contribution to the management and operation of the project. 
 
In conclusion, a range of EIA influences on environmental management performance are in evidence for the 
Saladin  Oilfield  project.  Overall,  the  pre-decision  stage  of  EIA  provided  the  greatest  contribution  to 
environmental management activities. Environmental monitoring was adaptive and most influenced by the 
post-decision  stage  of  EIA.  Although  smaller  in  extent,  the  transitional  stage  of  EIA  made  a  substantial 
contribution to ongoing environmental management and monitoring activities. There is clear evidence of the 
influence of external pressures and rational reforms on the management of the Saladin Oilfield project as well as 
the influence of internal reform by the proponent. 
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CHAPTER 10  DISCUSSION 
 
10.1  INTRODUCTION 
 
The purpose of this chapter is to discuss the overall findings of the six case studies. This is undertaken in 
several ways. In the following section, the results obtained for each case study are examined in two ways. 
Firstly, individual case study results are compared with each other in order to identify any major similarities or 
differences between projects. Reasons for these patterns in the data are explored in relation to the specific nature 
of individual projects or the EIA process to which each was subjected. Secondly, the results obtained in this 
research are compared to the findings of previous EIA research of a similar nature. This is followed by a section 
in  which  the  case  study  results  are  discussed  in  the  context  of  EIA  theory  and  in  particular  the 
EIA/environmental management model. The final section of the chapter presents an overview of the major 
findings of the research including conclusions and recommendations for future EIA practice. 
 
A  selected  group  of  research  results  have  previously  been  reported  on  in  Morrison-Saunders  (1995,  1996a, 
1996b, 1996c). 
 
 
10.2  SYNTHESIS OF CASE STUDY RESULTS 
 
A number of patterns in the individual case study results are apparent which are explored in this section. Some 
of these patterns have been observed across all of the case studies. Other results vary considerably between the 
case studies. It is of interest to compare these results across all six case studies individually and consider the 
reasons  for  the  observed  variations.  To  facilitate  comparison  between  projects,  particular  results  for  the 
individual case studies are presented in the same table. The six case studies appear in the tables in order of 
presentation  in  this  research  (i.e.  chronologically).  All  results  are  expressed  in  percentages  only  to  enable 
comparison between the case studies. 
 
In the following discussion, the six case studies are examined in terms of the environmental component of EIA 
activities, the nature of impact predictions and related management, reasons why predicted impacts did not 
occur in practice, the implementation of proposed environmental management actions, nature of environmental 
management actions with respect to potential impacts, predictive accuracy and related management, and the 
scope and scientific rigour of monitoring programmes. These are addressed in turn. 
 
 
10.2.1  ENVIRONMENTAL COMPONENT OF EIA ACTIVITIES 
 
The environmental component of individual impact predictions, actual impacts, environmental management 
actions and monitoring programmes were recorded for each of the case studies as discussed in the previous six 
chapters. Two patterns are evident from this data. 
 
The first pattern concerns the nature of the case studies themselves. For the two industrial case studies (i.e. 
Narngulu Synthetic Rutile Plant and Sodium Cyanide Plant), the biological component of the environment was 
not represented at all in any of the impact predictions, observed impacts or environmental management and 
monitoring activities. The explanation for this would appear to be related to the fact that both projects were 
located in designated industrial areas which were devoid of any natural flora or fauna habitats at the time of 
project initiation. The EIS documents for the two projects do not mention biological issues at all. It is also 
important to note that the list of significant issues identified for each of these projects from the EPA's guidelines 
for proponents and assessment reports does not include mention of biological issues. Hence, it would appear 
that the projects were not perceived to represent any threat to biota by both proponents and the EPA alike. In 
contrast,  the  other  four  case  studies  involved  some  habitat  clearing  and  development  of  relatively  pristine 
natural  areas.  This  may  explain  why  biological  considerations  are  addressed  and  represent  a  considerable 
proportion of EIA activities in these cases. 
 
The second pattern concerns the proportion of EIA activities and outcomes falling into each environmental 
component. These are examined in turn in the following discussion. 
 
The environmental component of the impact predictions for each of the case studies is presented in Table 10.1. 
The most notable trend in this data relates to the proportion of social component predictions. There appears to a 
correlation  between  the  relative  remoteness  of  the  projects  with  respect  to  human  settlements  and  the 
proportion  of  social  predictions  recorded.  The  two  most  remote  projects,  Harding  River  Dam  and  Saladin 
Oilfield, have the least proportion of social predictions. The Big Brook Dam which is located near a human 
settlement  and  within  a  popular  recreational  area  has  a  higher  proportion  of  social  predictions.  The  three 
projects  situated  within  an  urban  setting;  Cape  Peron  Ocean  Outfall,  Narngulu  Synthetic  Rutile  Plant  and 
Sodium Cyanide Plant; have the highest proportion of social predictions. What this result implies is that social 
issues increase in importance in relation to population density rather than any unique social values or other 
characteristics of the environment affected by a development proposal.   166 
 
                 
  Component  *CP  HD  BB  NG  SO  SA   
                 
  Physical  31  45  33  64  40  18   
  Biological  33  36  43  0  0  67   
  Social  36  19  24  36  60  15   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.1 Environmental Component of Predicted Impacts for all Projects. 
 
*The six case studies have been denoted by initials as follows: 
CP  Cape Peron Ocean Outfall  NG  Narngulu Synthetic Rutile Plant 
HD  Harding River Dam  SO  Sodium Cyanide Plant 
BB  Big Brook Dam  SA  Saladin Oilfield. 
 
Other  patterns  in  the  data  for  the  impact  predictions  are  harder  to  ascertain.  It  would  appear  that  where 
biological  issues  are  relevant,  they  tend  to  be  addressed  by  more  impact  predictions  than  the  other 
environmental components. The Saladin Oilfield project in particular had a very high proportion of biological 
predictions which may reflect the project setting adjacent to a nature reserve (i.e. Thevenard Island) and in an 
identified sensitive marine environment. This finding is in contrast to the previous work of Bailey et al. (1992) in 
Western  Australia  who  reported  that  the  majority  of  predictions  in  their  study  addressed  the  physical 
component of the environment (Hobbs et al. 1990 indicated the actual amount as 51%) and the work of Culhane 
et al. (1987) in the United States who found that the majority of predictions addressed socio-economic issues. 
 
The distribution of the actual impacts recorded in this study in terms of environmental component is presented 
in  Table  10.2.  Here  again,  the  proportion  of  records  falling  into  each  of  the  physical,  biological  and  social 
components varies across the case studies. Compared to the equivalent results for the impact predictions, there 
is a tendency for less biological impacts and more social impacts to be recorded. A likely explanation for this 
finding relates to the number of biological predictions that could not be verified in practice (i.e. some additional 
biological impacts may have occurred in practice which have not been recorded). Between 0-24% of impact 
predictions for each case study could not be verified due to a lack of relevant monitoring or other follow-up 
information. More than two thirds of these were found to address the biological component of the environment. 
Without adequate biological monitoring it will not be possible to identify impacts on biota beyond the obvious 
and  inevitable  outcomes  of  project  development  (eg.  habitat  clearing).  In  contrast,  impacts  on  the  social 
environment may be considerably easier to identify in the absence of formal monitoring programmes, based on 
public complaints or other direct feedback on project outcomes. Hence, this may explain the apparently higher 
proportion of social impacts and reduced biological impacts recorded for the six case studies compared to the 
original  impact  predictions.  The  proportion  of  physical  component  impacts  was  similar  to  that  of  the 
predictions. 
 
                 
  Component  CP  HD  BB  NG  SO  SA   
                 
  Physical  50  37  20  40  50  32   
  Biological  10  26  50  0  0  50   
  Social  40  37  30  60  50  18   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.2 Environmental Component of Recorded Impacts for all Projects. 
 
Environmental management activities exhibited a different trend with respect to environmental component 
(Table 10.3). Here, the overall trend was for emphasis on the physical component of the environment and lesser 
attention given to either the biological or social components. Big Brook Dam provided one exception to this, 
where the biological component was the dominating one. This outcome is probably a reflection of the emphasis 
of the list of significant issues for this project which focussed mainly on biological issues (i.e. it would appear 
that  the  EPA  specifically  intended  the  proponent  to  focus  on  biological  issues).  A  second  exception  was 
apparent for the Sodium Cyanide Plant where slightly more social component environmental management 
activities  were  recorded  than  physical  component  activities.  This  probably  relates  to  the  management  of 
emissions and risk for this project which represent the major environmental concerns and which predominantly 
relate to human health issues. 
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  Component  CP  HD  BB  NG  SO  SA   
                 
  Physical  60  61  31  81  48  50   
  Biological  13  15  44  0  0  44   
  Social  27  24  25  19  52  6   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.3 Environmental Component of Management Records for all Projects. 
 
There  is  no  obvious  reason  why  the  other  four  projects  focussed  management  activities  on  the  physical 
component of the environment, although possible explanations can be speculated. It may be that it is easier 
from both a practical and economic viewpoint for proponents to manage the physical surroundings of their 
projects, compared to the biological and social environments (i.e. the physical environment is relatively static 
and is therefore easier to address). Alternatively, it may be that management of the physical environment is 
intended to have subsequent flow-on benefits for the biological and social environment (eg. by maintaining a 
high level of water quality in a water supply dam, river or near an ocean outfall, aquatic biota needs and social 
uses of these environments will not be adversely affected). 
 
The environmental monitoring records were also skewed to the physical component of the environment (Table 
10.4).  Apart  from  the  two  industrial  projects,  there  was  little  or  no  monitoring  of  the  social  environment 
undertaken.  The  two  marine  based  projects  (Cape  Peron  Ocean  Outfall  and  Saladin  Oilfield)  and  the  two 
industrial projects exhibited a particularly high emphasis on the physical component of the environment. These 
four projects all had pollutant emissions associated with them. Much of the project monitoring was based on 
determining the physical characteristics of these waste streams and the receiving environment to determine 
whether emission standards were being met. In contrast, the two water supply projects (Harding River Dam 
and Big Brook Dam) placed most emphasis on the biological component of the environment. Apart from the 
interference  with  downstream  river  flows,  there  have  been  few  ongoing  issues  concerning  the  physical 
component of the environment for these projects. Instead, the focus of monitoring has been on potential impacts 
on the ecology of these riverine systems. 
 
                 
  Component  CP  HD  BB  NG  SO  SA   
                 
  Physical  76  48  33  76  88  62   
  Biological  24  49  67  0  0  38   
  Social  0  3  0  24  12  0   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.4 Environmental Component of Environmental Monitoring Records for all Projects. 
 
The next section examines the patterns evident across the six case studies concerning the nature of impact 
predictions and their relationship with environmental management actions. 
 
 
10.2.2  NATURE OF IMPACT PREDICTIONS AND RELATED MANAGEMENT ACTIVITIES 
 
The impact predictions were examined to determine the extent to which they conformed with the ideal format 
consistent  with  rational-scientific  notions  of  EIA  espoused  in  the  theoretical  literature  (eg.  Beanlands  and 
Duinker 1983, Duinker and Baskerville 1986, Culhane et al. 1987, Tomlinson and Atkinson 1987b). Overall, there 
was little evidence of impact quantification or precision in predictions for the case studies with most predictions 
being classified as being only vague and qualitative in nature (Table 10.5). Similar findings were reported by 
Culhane et al. (1987), Luecht et al. (1989), Bailey et al. (1992) and Bernard et al. (1993) as discussed previously. It 
can  be  seen  from  Table  10.5  that  five  of  the  case  studies  were  dominated  by  vague,  qualitative  impact 
predictions. Hence, these projects have largely failed rational-scientific expectations for ideal EIA predictions. 
The Sodium Cyanide Plant exhibits a considerably different result, recording the highest proportion of both 
quantified and precise qualitative impact predictions. These categories combined account for approximately 
three quarters (74%) of the recorded predictions for this project. This project appears to have been the most 
carefully studied and planned during the pre-decision stages of EIA (i.e. a pre-feasibility study followed by a 
risk  and  hazard  analysis  in  the  lead  up  to  preparation  of  the  EIS  document).  Preliminary  technical  and 
environmental investigations were conducted for some of the other case studies (eg. Cape Peron Ocean Outfall 
and Harding River Dam); however, these appear to have been relatively descriptive and general in nature (eg. 
comparison of a broad range of potential water supply options in the case of the Harding River Dam leading to 
selection  of  the  preferred  alternative).  In  comparison,  the  initial  risk  and  hazard  analysis  for  the  Sodium 
Cyanide Plant was restricted to an identical type of project located in three very similar locations (i.e. all within   168 
a few hundred metres of each other in the Kwinana Industrial Area). It would appear that this process enabled 
detailed project design components to be determined and also produced quantitative data at a relatively early 
stage in the EIA process, thereby contributing to a high level of precision when formulating impact predictions 
in  the  subsequent  EIS  document.  The  implication  here  is  that  if  a  high  level  of  impact  quantification  and 
precision  in  predictions  is  desired  in  EIA,  then  greater  attention  needs  to  be  given  to  technical  studies  of 
proposed projects prior to the preparation of EIS documents. 
 
                 
  Nature of Prediction  CP  HD  BB  NG  SO  SA   
                 
  Quantitative  10  17  12  23  31  4   
  Qualitative - Precise  10  13  9  24  43  31   
  Qualitative - Vague  80  70  79  53  26  65   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.5. Level of Prediction Precision for All Projects. 
 
Despite the high level of precision in impact predictions for the Sodium Cyanide Plant, this project had a similar 
proportion of general issue identification statements as the other five case studies. All individual case studies 
experienced a similar proportion of these, except for the Saladin Oilfield project which had a particularly high 
proportion of formal predictions. 
 
Rather than speculate on this difference, it is interesting to compare the nature of impact predictions in terms of 
rational-scientific expectations with other characteristics of EIA activities examined in this research. There was 
no evidence to suggest that formal impact predictions, nor those expressed in quantitative or precise terms, 
were any more likely to have environmental management actions associated with them or prove to be more 
accurate than vague, qualitative predictions and those only generally identifying potential issues of concern. In 
other words, the scientific basis of impact predictions had no bearing on how these were utilised in the EIA 
process. Proponents and decision-makers did not attach any more importance to predictions aligned with the 
rational-scientific ideal for EIA predictions. Furthermore, these predictions had no special relationship with 
actual project outcomes; i.e. they were not found to be more accurate than other less scientific predictions. 
Similar findings have been reported by other researchers (eg. Culhane et al. 1987 and Bailey et al. 1992) as 
discussed previously. 
 
While the scientific basis of the impact prediction process for most of the case studies may not have been strong 
in terms of the nature of impact predictions, there was evidence of other rational characteristics with respect to 
proposed  environmental  management  actions.  For  three  of  the  case  studies  (Saladin  Oilfield,  Narngulu 
Synthetic Rutile Plant and the Sodium Cyanide Plant) it was found that predictions addressing important issues 
identified by the EPA for each project were found to be more likely to have a corresponding management action 
than the others. The sample sizes for these three projects individually were not sufficiently large enough to 
permit  valid  statistical  analysis.  However,  the  observed  trend  in  the  data  for  these  three  projects  was 
sufficiently strong to make a statistically significant association when the results of the six case studies were 
analysed collectively (χ2= 29.981; p<0.001; d.f. 2). The implication of this result is that EIA practitioners have 
focussed on the important environmental issues when proposing environmental management actions, while 
largely ignoring the issues of lesser importance. In other words, the EIA process has effectively channelled 
effort onto issues of concern in three of the case studies. This finding is consistent with rational expectations of 
the process. If environmental management is the most important outcome of the EIA process, then the science 
of impact prediction is less important than ensuring that management strategies are put in place for significant 
issues and impacts (Bailey and Hobbs 1990, Bailey 1994, accepted). 
 
It is interesting to reflect upon why this result was obtained for only three of the case studies. These three were 
all  owned  and  operated  by  private  organisations  whereas  the  proponents  of  the  other  three  were  all 
government agencies. However, there is no locally published evidence to suggest that the private proponents 
would undertake EIA differently in this regard than Government proponents in Western Australia. The three 
projects for which environmental management was associated with important issues were also the most recent 
projects examined and were all assessed (at least in part) under the terms of the Environmental Protection Act 
1986. Hence, the finding may be a reflection of increased maturity in conducting EIA in Western Australia 
compared  to  the  other  three  projects  which  were  assessed  under  the  former  legislation  and  related  EIA 
procedures. This notion is supported by the work of Bailey and English (1991) who discuss the evolution of EIA 
in  Western  Australia.  They  provide  examples  of  projects  assessed  under  the  1986  Act  during  which  the 
incorporation of management measures reduced initially unacceptable impacts to acceptable levels (i.e. there is 
an  implied  focus  under  the  1986  Act  and  its  associated  procedures  on  significant  issues  with  respect  to 
environmental management). 
 
Having  considered  the  relationship  between  the  nature  of  impact  predictions  and  proposed  environmental 
management  actions,  the  next  section  examines  the  reasons  why  some  predicted  impacts  did  not  occur  in 
practice.   169 
 
 
10.2.3  REASONS WHY PREDICTED IMPACTS DID NOT EVENTUATE 
 
One important measure of the success of EIA in protecting the environment used in this study concerns the 
implementation of environmental management strategies to avoid the occurrence of predicted impacts. Other 
factors  can  also  explain  why  predicted  impacts  did  not  eventuate  in  practice.  The  reasons  why  predicted 
impacts did not occur for each of the case studies are summarised in Table 10.6. 
 
                 
  Why Didn't Impact Occur?  CP  HD  BB  NG  SO  SA   
                 
  EIA Management  22  8  6  19  20  13   
  Design Change  0  1  0  0  3  0   
  Accurate Prediction  25  14  15  17  14  20   
  Inaccurate Prediction  0  11  0  0  0  4   
  Other  2  9  6  7  14  19   
  No Information  15  24  21  4  0  11   
  Not Applicable  36  33  52  53  49  33   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.6. Reason Why Predicted Impacts Did Not Occur for All Projects. 
 
All  six  case  studies  provided  examples  where  the  implementation  of  planned  environmental  management 
actions successfully avoided the occurrence of predicted impacts. These were mostly related to the construction 
stage of projects where proponents sought to avoid unnecessary impacts on biological and social resources in 
particular. Examples of these have been provided in each of the case study chapters and will not be reiterated 
here. Project design changes were not found to invalidate predictions other than in several isolated cases. A 
similar finding was reported by Bailey et al. (1992). In contrast, Bisset (1984) found that some 34% of predictions 
recorded in his study could not be verified for this reason. 
 
There were numerous examples of accurate predictions of no impact for each of the case studies. Statements 
that indicate what will not happen as a result of project implementation are just as important to the public 
reviewing EIS documents and for decision-makers as those that indicate what adverse impacts are likely to 
occur. Examples of predictions that expected an impact to occur but proved to be inaccurate were much less 
common. The relatively high proportion of these recorded for the Harding River Dam were found to be related 
to two suites of impact predictions on particular issues (soil erosion in the reservoir bed during low water levels 
and  effects  on  downstream  vegetation  from  reduced  river  flow).  When  the  key  predicted  event  did  not 
eventuate (eg. erosion upstream from the dam), the entire suite of specific impacts related to this event became 
invalid. 
 
The number of impact predictions that could not be verified due to a lack of information was particularly low 
for the Narngulu Synthetic Rutile and Sodium Cyanide plants. It is likely that the industrial nature of these 
projects which have very specific emissions, and hence readily identifiable impacts, may have contributed to 
this result (i.e. the project outcomes could be determined relatively easily). In addition there were no biological 
component predictions recorded for either of these projects. Most predictions that could not be verified fell into 
this component of the environment. The proportion of predictions that could not be verified due to a lack of 
data for each case study ranged from 0-24%. This was considerably less than the 35% recorded by (Bailey et al. 
1992) in their audit of artificial waterway projects in Western Australia, but in most cases was considerably 
more than the 7% reported by Bisset (1984). 
 
The next section considers the implementation status of environmental management activities. 
 
 
10.2.4  IMPLEMENTATION OF PROPOSED MANAGEMENT ACTIONS 
 
Some  patterns  in  results  were  apparent  for  all  six  case  studies  in  relation  to  the  implementation  of 
environmental management activities for each project. The proportion of environmental management activities 
proposed  prior  to  the  principal  approval  decision  point  for  each  case  study  ranged  from  87-100%.  It  is  of 
interest  to  examine  the  implementation  rate  of  these  proposed  actions  during  subsequent  project 
implementation. This type of investigation is very similar to compliance auditing which has been reported on 
by numerous other EIA researchers (eg. Reed et al. 1983, Bisset 1984, Munro 1987, Hedstrom and Obbagy 1988, 
Bailey and Hobbs 1990, Thompson and Wilson 1994, Environmental Protection Department 1995). The main 
difference  here  is  that  where  compliance  auditing  seeks  to  evaluate  the  extent  to  which  environmental 
conditions of approval established during EIA decision-making have been complied with, this research has 
focussed upon any commitment or suggestions made by EIA decision-makers for environmental management   170 
activities specifically. This may extend to proposals not included in approval conditions and leave out other 
conditions not specifically related to management activities (eg. the requirement for proponents to prepare 
annual reports on their projects). The latter would be included in a compliance audit but is not of relevance to 
this discussion. 
 
The focus on proposed environmental management activities in pre-decision EIA documentation with follow-
up on the implementation of these during project implementation is in keeping with the managerial model of 
EIA proposed by Culhane (1993). In this model, proponents are directed to manage their projects according to 
the outcomes of the EIA process (i.e. management objectives established in EIS documents and by EIA decision-
makers). Culhane (1993) and Bailey (accepted) have suggested that this is one way in which the post-decision 
stages of EIA could be considered to be representative of a rational process. Hence, the implementation rate of 
proposed environmental management actions in this research provides a measure of the effectiveness of this 
model of EIA. 
 
Before commenting on the implementation rate of proposed environmental management actions, the number of 
new actions developed during the post-decision stages of EIA should be considered. New actions ranged from 
0-12% of environmental management activities recorded for the six case studies. The Narngulu Synthetic Rutile 
Plant was the only project not to record new management actions. It is interesting to note that this is the only 
project out of those examined which was both assessed and implemented in separate stages. The Stage 2 plant 
incorporated  significant  modifications  and  upgrading  of  the  original  plant.  Given  the  relatively  poor 
environmental performance of the Stage 1 plant and the proponent's tendency to constantly refine management 
procedures over time, it is plausible that new actions would have evolved for the Stage 1 plant in the absence of 
a second stage. In other words, it was during the second EIA process (which rapidly followed the first) that 
considerable changes to operational and management procedures at the plant were identified. Had there not 
been a second stage with formal EIA, and assuming that the monitoring and follow-up process would have 
resulted in some of the Stage 2 modifications being implemented anyway, these would have been recorded as 
new actions in the research. 
 
When considering the implementation of the proposed environmental management actions in the following 
discussion, the three 'yes' categories for different means of implementation are considered collectively. The 
individual implementation status details for the six case studies is presented in Table 10.7. 
 
For the Cape Peron Ocean Outfall project, all proposed environmental management actions were implemented 
in practice. For the Saladin Oilfield project and Stage 2 of the Narngulu Synthetic Rutile Plant (not shown here, 
but  presented  previously  in  Table  7.6)  there  were  no  proposed  management  actions  not  implemented  in 
practice, although several were not applicable at the time of the research, or there was no information available 
to determine implementation status. While these results are exemplary, the lowest recorded implementation 
rate of 83% is also extremely impressive. By comparison, in their compliance audit (Bailey et al. 1992) found 121 
environmental conditions out of a sample of 193 to be complied with (i.e. 63%). In the work of Culhane et al. 
(1987, p233) of 35 mitigations, 23 had the highest accuracy rating and only five were not carried out. Other 
researchers  have  not  quantified  compliance  rates  and  have  simply  indicated  that  most  environmental 
conditions were complied with for their respective studies (Reed 1983, Zallen et al. 1987). What the relatively 
high implementation rate of management actions for this research indicates, is that projects proceeded largely 
as proposed during the pre-decision stage of EIA. In other words, the planning stages of projects were largely 
successful in establishing how the projects would be implemented in practice. This is indicative of the post-
decision stages of EIA conforming with a rational process (Culhane 1993, Bailey accepted). 
 
                 
  Was  Proposed  Management  Action 
Implemented? 
CP  HD  BB  NG  SO  SA   
                 
  Yes  97  90  76  92  83  88   
  No  0  6  6  3  3  0   
  Not Applicable Yet  0  2  0  5  4  5   
  No Information  0  0  6  0  0  2   
  New Action  3  2  12  0  10  5   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.7 Implementation of Environmental Management Actions. 
 
The implementation status of proposed environmental management actions was examined in a couple of ways 
with respect to other characteristics of the management records. The origin of proposed management actions 
was recorded to differentiate between actions proposed by proponents and those proposed by the EPA during 
their assessment. It was found that the origin of management proposals had no bearing on implementation 
status. A similar result, with respect to compliance auditing, was reported by (Bailey et al. 1992). The legal status 
of proposed management actions was recorded (as described in Chapter 3) and it was found that this also had 
no  bearing  on  implementation.  In  other  words,  voluntary  commitments  by  the  proponent  and  EPA   171 
recommendations  for  management  established  for  projects  assessed  under  the  terms  of  the  Environmental 
Protection  Act  1971  were  equally  likely  to  be  implemented  as  legally  binding  conditions  established  by  the 
Minister for the Environment for projects assessed under the terms of the Environmental Protection Act 1986. It is 
particularly noteworthy that there were no legally binding management proposals for the Cape Peron Ocean 
Outfall project for which a 100% implementation rate was recorded. These findings suggest that having a legal 
basis  for  EIA  approval  conditions  is  not  a  pre-requisite  for  ensuring  that  appropriate  environmental 
management  occurs.  The  result  is  different  to  that  of  (Bailey  et  al.  1992)  who  found  that  compliance  with 
environmental conditions was statistically higher for those that were legally binding. It is also contrary to the 
work of several EIA researchers who suggest that an important measure of the effectiveness of EIA relates to 
the provision for legally binding approval conditions (eg. Gibson 1993, Ortolano and Shepherd 1995a, Sadler 
1995 p16, 1996 p61). These authors also emphasise the importance of approval conditions that explicitly provide 
for follow-up. This has been a feature in the EIA process for all six case studies examined in this research. 
Perhaps  the  clear  expectation  that  proponents  should  account  for  the  environmental  performance  of  their 
projects is sufficient to ensure that proposed management activities are implemented in practice. 
 
The nature of environmental management actions with respect to potential impacts for each of the six case 
studies is presented in Table 10.8. 
 
The majority of management activities have been pro-active in that they have sought to avoid the occurrence of 
impacts outright or to minimise the extent of unavoidable impacts in some way. However, some impacts can 
only be managed after the event and rectification and compensation measures have been undertaken where 
necessary. Most management activities were classified as ongoing impact minimisation and this is particularly 
apparent for the two industrial projects. This result implies that there is considerable capacity for adaptive 
management to occur. Over time, better ways of managing ongoing issues and impacts may be discovered and 
subsequently implemented. Evidence of this in the individual case studies has been previously discussed (eg. 
changes to produced water disposal for the Saladin Oilfield project). 
 
                 
  Nature of Management Actions  CP  HD  BB  NG  SO  SA   
                 
  Avoidance of Impact  21  6  0  5  7  21   
  Initial Impact Minimisation  18  23  25  14  12  17   
  Ongoing Impact Minimisation  43  44  38  71  81  50   
  Rectification or Rehabilitation  15  21  31  10  0  12   
  Compensation  3  6  6  0  0  0   
                 
  Total  100  100  100  100  100  100   
                 
Table  10.8  Classification  of  the  Nature  of  Environmental  Management  Actions  with  Respect  to  Potential 
Environmental Impacts for All Projects. 
 
The  next  section  examines  the  accuracy  of  impact  predictions  and  the  relationship  with  environmental 
management activities. 
 
 
10.2.5  PREDICTIVE ACCURACY AND RELATED MANAGEMENT ACTIVITIES 
 
No attempt was made to classify the accuracy of the impact predictions recorded for the six case studies by 
themselves (eg. in the fashion of Culhane et al. 1987 or Bailey et al. 1992). Instead predictive accuracy was 
considered only in the context of the occurrence of actual impacts. This was achieved in two ways. Firstly, 
where no impact was recorded in relation to a prediction (discussed previously). The second way relates to the 
accuracy  with  which  observed  impacts  were  predicted.  The  individual  success  with  which  impacts  were 
predicted for the six case studies is presented in Table 10.9. 
 
                 
  Predictive Success  CP  HD  BB  NG  SO  SA   
                 
  Accurate  40  74  80  80  50  25   
  Inaccurate  50  21  20  20  50  25   
  Unexpected  10  5  0  0  0  50   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.9 Success at Predicting Impacts for All Projects. 
 
All six case studies were found to have some impacts that were inaccurately predicted although three of them 
(Big  Brook  Dam,  Narngulu  Synthetic  Rutile  Plant  and  the  Sodium  Cyanide  Plant)  did  not  record  any   172 
unexpected impacts. Hence the actual identification of potential impacts during the pre-decision stages of EIA 
was successful for these three projects even though they were not all accurately predicted. The possibility also 
remains that other environmental impacts have occurred for each of the case studies examined which have not 
been  observed  in  practice.  During  discussion  of  the  individual  case  studies,  examples  were  identified  of 
deficiencies  in  environmental  monitoring  programme  design  or  the  absence  of  certain  programmes  which 
meant that some impact predictions could not be verified. 
 
An  important  reason  for  documenting  the  accuracy  with  which  observed  impacts  were  predicted  was  to 
determine  whether  or  not  this  had  an  effect  on  subsequent  environmental  management  activities.  A 
management response was not required for many of the impacts recorded in this research; ranging from 25-90% 
of  impacts  observed  for  individual  case  studies.  These  impacts  represented  a  combination  of  beneficial 
outcomes of the projects for which no management was necessary, plus the inevitable and/or accepted adverse 
outcomes of the projects which could not be avoided or minimised in any way. Only three impacts from the six 
case studies were not responded to by project managers, where a response could have been implemented (these 
were discussed in the relevant individual case study chapters). This result, along with the small number of 
proposed environmental management actions not implemented in practice (Table 10.7), represents a deficiency 
in environmental management of the case studies. 
 
It was found that a management response was instigated for the remaining impacts; ranging from 10-62% of 
recorded impacts for individual case studies. Many of these were inaccurately predicted to occur or were not 
considered in impact predictions in the first place. These impacts were found to represent one quarter of the 
overall  total  number  of  impacts  recorded  for  the  six  case  studies.  Hence,  despite  being  either  inaccurately 
predicted or otherwise not considered at all, an outcome of the EIA process has been a management response to 
these.  This  implies  that  the  predictive  process  utilised  during  the  pre-decision  stages  of  EIA  had  alerted 
managers to the possibility of certain impacts occurring which enabled appropriate management responses to 
be put in place either as voluntary commitments or through EPA recommendations. In addition, the fact that 
even unexpected impacts were also responded to suggests that by establishing environmental management 
activities  and  programmes  in  the  first  place,  the  EIA  process  also  provided  the  opportunity  to  address 
unexpected events as they occurred. In other words, it would appear that the management regime which was 
predominantly  established  during  the  pre-decision  stages  of  EIA  has  been  extended  beyond  the  scope  of 
potential  environmental  impacts  identified  at  this  time,  during  the  subsequent  post-decision  stages  of  EIA. 
Bailey  (accepted)  noted  that  environmental  management  responses  can  occur  in  relation  to  inaccurately 
predicted impacts and also in the absence of any prediction or condition. These results highlight the value of 
issue identification in EIA for environmental management over an emphasis on rigorous impact prediction. 
 
The most frequent management response to the inaccurately predicted impacts was some form of rectification, 
although compensation measures and steps taken to minimise ongoing impacts were also undertaken. The 
management response to the unexpected impacts represented some form of rectification measure in all cases 
(i.e. a reactive response only). The latter finding would be anticipated as a pro-active management response 
would be instigated only for the impacts that were identified in pre-decision EIA documents. 
 
The next section focuses on the utility of environmental monitoring programmes. 
10.2.6  SCOPE AND SCIENTIFIC RIGOUR OF ENVIRONMENTAL MONITORING PROGRAMMES 
 
The utility of individual environmental monitoring programmes for the six case studies was recorded in two 
ways.  Deficiencies  in  the  scope  of  monitoring  were  determined  by  identifying  the  proportion  of  impact 
predictions that could not be verified due to a lack of data (discussed previously). The second evaluation of 
environmental monitoring programmes revolved around information stored in the monitoring database file 
itself. These are now addressed with respect to the implementation of proposed monitoring activities and in 
terms of the scope and scientific rigour of monitoring. 
 
For the environmental monitoring programmes which were discussed in the pre-decision EIA documents in 
some way, the implementation status of these was examined. It was found that eight proposed monitoring 
programmes were not implemented in practice. Examples of these were apparent for each of the case studies 
examined in this research. In conjunction with the number of impact predictions that could not be verified in 
practice, this result reflects a failure of environmental monitoring activities for the six case studies. 
 
For  those  monitoring  programmes  that  were  implemented  in  practice,  which  includes  new  monitoring 
programmes established during the post-decision stages of the projects, these were examined with respect to 
their scientific rigour. Emphasis was placed on the use of control sites, baseline information and statistical 
analysis for individual programmes as well as the actual techniques used. The scientific rigour of monitoring 
programmes for the individual case studies is presented in Table 10.10. The use of BACI and control sites or 
baseline  information  only  during  environmental  monitoring  was  evident  for  five  of  the  case  studies  (the 
Sodium  Cyanide  Plant  was  excluded).  Overall  it  can  be  seen  that  there  was  little  evidence  of  scientifically 
acclaimed monitoring techniques (eg. Green 1979, Fairweather 1991, Faith et al. 1991, Underwood 1991) being 
utilised. 
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  Monitoring Classification  CP  HD  BB  NG  SO  SA   
                 
  Before-After/Control-Impact (BACI)  38  7  0  6  0  14   
  Control or Before-After Only  43  23  11  0  0  0   
  Regular Measurement  5  21  11  41  63  28   
  Some Measurement  9  7  22  47  31  38   
  Observation Only  5  6  11  6  6  10   
  Not Applicable  0  21  45  0  0  10   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.10. Classification of the Scientific Rigour of Monitoring for All Projects. 
 
The methodology utilised in this research has simply focussed upon documenting the nature of the monitoring 
techniques  used  for  the  six  case  studies.  No  attempt  has  been  made  to  analyse  the  utility  of  the  recorded 
monitoring activities. However, in some cases it has been clear that the use of BACI monitoring techniques has 
not in itself guaranteed that useful information was generated that would enable conclusions on environmental 
impacts and performance to be formulated. Examples of this has previously been presented in the discussion on 
the Cape Peron Ocean Outfall and Saladin Oilfield case studies.  
 
The most scientifically rigorous monitoring programme was recorded for the Cape Peron Ocean Outfall. This 
finding is probably a reflection of the relatively long period of baseline monitoring of the marine environment 
that was undertaken both in preparation for the EIS document, but which then continued during the project 
construction period (as discussed in detail in Chapter 4). With the exception of this case study, the majority of 
monitoring programmes comprised simple measurement with no control sites or baseline information being 
utilised. The two industrial projects are particularly noteworthy here. The explanation for this finding appears 
to lie with the nature of these projects. The main environmental impacts associated with these projects concern 
ongoing emissions (particularly air and water emissions) for which environmental standards or criteria have 
been established. Consequently most monitoring is based upon verifying that accepted emission standards (eg. 
volumes or concentrations) are being met. This monitoring can be conducted without any need to refer to 
baseline conditions or control sites. The assumption that appears to be made here is that if emission standards 
are not being exceeded, then no unacceptable impact has occurred (i.e. the specific impact of an emission on the 
environment is not actually examined). 
 
All six case studies contained a similar proportion of monitoring activities based upon simple observation only. 
 
Overall, the scientific rigour of environmental monitoring programmes for the six case studies was low. There 
were  no  other  quantified  studies  of  monitoring  classification  identified  in  the  EIA  literature.  However, 
numerous  authors  have  commented  on  the  poor  scientific  basis  of  much  monitoring  activities  undertaken 
during EIA (eg. Preston 1985, Stewart-Oaten et al. 1986, Conover 1987, Duinker 1989, Fairweather 1989, Canter 
1993, Peterson 1993, Hicks and Bryder 1994). The research reported on here is consistent with this widespread 
view expressed in the EIA literature. 
 
Despite some weaknesses apparent in the scope and scientific rigour of environmental monitoring programmes, 
a strong link between monitoring and environmental management activities was evident for the six case studies 
(Table 10.11). It can be seen that with the exception of the Cape Peron Ocean Outfall, the majority of monitoring 
programmes were related to one or more management actions in some way. Monitoring programmes for the 
two industrial projects in particular were associated with environmental management activities. This probably 
reflects the relationship between emission monitoring and management of the respective production processes 
in  order  to  minimise  or  control  these  ongoing  emissions  (i.e.  these  emissions  would  be  environmentally 
unacceptable if not managed properly). Whilst the Cape Peron Ocean Outfall also is centred around ongoing 
wastewater emissions, the position adopted in this case (by an EPA recommendation) was that management 
action would only be undertaken if monitoring demonstrated that the outfall generated unacceptable impacts 
on the marine environment. The overall implication of the results presented in Table 10.11 is that environmental 
monitoring activities were closely aligned with environmental management activities during EIA. 
 
                 
  Any Associated Management?  CP  HD  BB  NG  SO  SA   
                 
  Yes  14  62  66  94  100  52   
  No  0  3  0  6  0  33   
  Not Required  86  35  34  0  0  15   
                 
  Total  100  100  100  100  100  100   
                 
Table 10.11. Relationship Between Environmental Monitoring Programmes and Environmental Management 
Activities for All Projects.   174 
 
This  concludes  the  discussion  of  important  patterns  in  the  results  recorded  for  the  six  case  studies.  The 
following section discusses the application of the theoretical EIA/environmental management model to the case 
studies. 
 
 
10.3  REFLECTIONS ON THE EIA/ENVIRONMENTAL MANAGEMENT MODEL 
 
The  purpose  of  this  section  is  to  consider  the  relationship  between  EIA  and  subsequent  environmental 
management  activities  for  the  six  case  studies.  In  doing  so,  it  is  intended  to  apply  and  test  the  theoretical 
EIA/environmental management model developed in Chapter 2. In summary, the model seeks to identify when 
the influence of EIA is initiated with respect to environmental management activities and how this management 
came about. Classification of the timing of EIA activities is centred around the principal approval decision 
point. The model accommodates the notion that environmental management activities may be adaptive and 
ongoing  beyond  the  decision  to  proceed  with  a  project.  This  requires  extension  beyond  the  specific 
management programmes established during project planning and design in the pre-decision stages of projects. 
Management actions established at this time are clearly not enacted until the project actually proceeds (i.e. 
during  the  post-decision  stage).  However,  where  these  management  actions  are  implemented  exactly  as 
planned during the pre-decision stages of projects, the influence and benefits of EIA can clearly be attributed to 
this earlier stage of the process. 
 
The model suggests that in addition to the planned pre-decision management programmes there may be two 
types of ongoing and adaptive environmental management. Firstly, actions which are developed in response to 
a management objective established during the pre-decision stages of projects. Here, the exact nature of the 
action is not prescribed, providing for flexibility in how the management objective is to be met. These are 
referred to as transitional management activities where the management objective is established during the pre-
decision stage of EIA and the means for achieving them, including any adaptive responses, occur during the 
post-decision stage. Secondly, new management actions and programmes that evolve in response to new or 
unexpected impacts. Here, the existing environmental management programmes undertaken by proponents are 
not adequate to deal with the observed effect and consequently a new approach is devised accordingly. These 
management responses occur during the post-decision stages of EIA alone. 
 
In applying the theoretical EIA/environmental management model, it is important to seek to understand the 
mechanisms by which the EIA process has influenced subsequent environmental management. This can be 
achieved by addressing three questions. The first question to consider is: did EIA have an effect on project 
management?  This  question  seeks  to  determine  from  the  outset  whether  or  not  EIA  actually  did  influence 
environmental management activities in any way and involves separating the influence of EIA from other legal 
and administrative requirements. If the answer to this question is yes, then it is important to consider which 
stage of the EIA process provided this influence. The second question to consider is therefore: when were the 
environmental  management  effects  of  EIA  initiated?  In  the  context  of  the  EIA/environmental  management 
model,  this  requires  differentiation  between  influences  that  originated  during  the  pre-decision  and  post-
decision stages of EIA plus those that can be considered to have been transitional (i.e. influential during both 
stages). Having established the stage of EIA responsible for influencing environmental management activities 
with respect to timing, it is valuable to understand the factors that lead to this influence in the first place. The 
third question to consider is therefore: how and why did these effects come about? A number of potential 
mechanisms  have  been  identified  in  the  EIA  literature  for  how  the  process  may  influence  environmental 
management performance as discussed in Chapter 2. These include the influence of external pressures, internal 
reforms and rational processes. 
 
In the following discussion, the three questions to test the theoretical EIA/environmental management model 
are applied to the six case studies. Examples are provided in support of the discussion and reference is made to 
other relevant studies in the EIA literature. 
 
 
10.3.1  DID THE EIA PROCESS INFLUENCE ENVIRONMENTAL MANAGEMENT? 
 
While it is not possible to determine what the environmental management outcomes of the six case studies 
might  have  been  in  the  absence  of  EIA,  it  is  reasonable  to  assert  that  the  EIA  process  has  influenced 
environmental management activities. The individual discussion of the six case studies in the previous chapters 
provides numerous examples of this. Further evidence has been presented in this chapter during the discussion 
of the patterns evident in the research data. This evidence will not be re-iterated in detail here. In brief, the 
influence of EIA has included activities such as: 
  selection of the preferred project alternative during initial project planning and design (eg. site selection 
process at the Sodium Cyanide Plant and selection of the Harding River Dam option for a new water supply 
for the West Pilbara Water Supply Scheme) based largely upon environmental considerations; 
  modification of project components and operations made during assessment (eg. addition of the fish trap to 
the design of the Big Brook dam and changes to transportation arrangements at the Sodium Cyanide Plant);   175 
  successful implementation of environmental management strategies to avoid the occurrence of predicted 
impacts (relevant to all case studies); 
  modification of project components and operations made during project implementation (eg. progressive 
upgrading of pollution control equipment and modifications to production processes and water recovery 
system for the Narngulu Synthetic Rutile Plant); 
  design and implementation of environmental management activities aimed at minimising impacts on an 
ongoing basis and thereby providing an opportunity for adaptive management to occur (relevant to all case 
studies); and 
  ongoing  and  evolving  management  in  response  to  new  or  unexpected  impacts  or  to  further  improve 
environmental  management  performance  (eg.  ongoing  and  refined  risk  management  procedures  for  the 
Sodium  Cyanide  Plant,  modifications  to  the  marine  monitoring  programme  for  the  Cape  Peron  Ocean 
Outfall and changes to produced water disposal for the Saladin Oilfield project). 
 
It  is  evident  from  these  examples,  and  those  discussed  in  previous  chapters,  that  the  influence  of  EIA  on 
environmental management activities has been realised at all steps in the process (i.e. from site and alternative 
selection through to project implementation and ongoing operation). 
 
 
10.3.2  WHEN DID THE INFLUENCE OF EIA ON ENVIRONMENTAL MANAGEMENT OCCUR? 
 
The distribution of environmental management and monitoring activities according to the three stages of the 
EIA/environmental management model for each of the six case studies are now addressed in turn. 
 
The proportion of environmental management activities derived from the research database records falling into 
each of the pre-decision, post-decision and transitional categories is depicted in Table 10.12. It should be noted 
that these results do not incorporate the influence of the EIA process realised during project planning and initial 
design (eg. selection of the preferred site location) which occurred prior to preparation of the EIS documents for 
at least two of the case studies (i.e. Harding River Dam and Sodium Cyanide Plant). 
 
                 
  Origin of Management  CP  HD  BB  NG  SO  SA   
                 
  Pre-Decision  91  87  74  79  71  79   
  Transitional  6  11  13  21  19  16   
  Post-Decision  3  2  13  0  10  5   
                 
  Total  100  100  100  100  100  100   
                 
Table  10.12  Origin  of  Environmental  Management  Activities  for  All  Projects  With  Respect  to  the  Principal 
Decision Point. 
 
Overall, it can be seen that the majority of environmental management activities originated during the pre-
decision stages of EIA. These ranged from 71-91% of management activities for each case study. These included 
proponent commitments to specific project design requirements, operating standards and procedures and other 
actions aimed at avoiding or minimising the occurrence of potential impacts. The EPA also contributed to pre-
decision environmental management actions with recommendations that required a particular course of action 
to be followed by proponents. The proponent commitments and EPA recommendations were a mixture of non-
binding and binding activities according to the specific EIA procedures to which each project was subjected. 
The proportion of pre-decision environmental management activities recorded in this research is supportive of 
those authors who have suggested that a major contribution of EIA is as a tool for decision-making purposes 
(eg. Caldwell et al. 1982, Taylor 1984, Ortolano 1993). The results clearly indicate that the greatest influence of 
EIA in terms of the number of environmental management activities occurs during the pre-decision stages of 
the process (i.e. making important information on how projects should proceed available up to the time at 
which the principal approval decision is made). However, the remaining environmental management activities 
should  not  be  dismissed  as  they  may  also  have  a  significant  influence  on  project  outcomes.  These  were  a 
mixture of transitional and new or post-decision activities and are now discussed in more detail. 
 
The recorded transitional environmental management activities accounted for 6-21% of the total for each of the 
case  studies.  Most  of  these  were  EPA  recommendations  (and  subsequent  Ministerial  conditions  where 
applicable) that either established management objectives for the proponents to meet or required reports and 
EMPs to be undertaken on particular issues. In some cases though, the proponents also proposed management 
activities that fell into the transitional category. These mostly related to commitments to undertake ongoing 
EMP studies or their equivalent. The common factor linking these transitional activities was the establishment 
of management objectives during the pre-decision stages of EIA which required ongoing attention (including 
modifications if necessary) during the post-decision stages. 
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Fewer new environmental management actions (0-13%) were recorded for the six case studies which originated 
from the post-decision stages of EIA. These were largely developed in response to unexpected impacts and 
were predominantly established by the proponents. 
 
An interesting pattern is evident in Table 10.12 with respect to the proportion of pre-decision and transitional 
stage activities across the six case studies. In the chronologically early projects (i.e. Cape Peron Ocean Outfall 
and Harding River Dam), there is a greater proportion of pre-decision activities and less transitional activities 
than  recorded  for  the  later  projects  (Narngulu  Synthetic  Rutile  plant,  Sodium  Cyanide  plant  and  Saladin 
Oilfield project). It is possible that this finding reflects a shift in focus of EIA over time. The later three projects 
were all assessed under the terms of the Environmental Protection Act 1986 which Bailey and English (1991) 
characterise as providing for a great deal of flexibility in its administration in the way in which environmental 
management measures can be utilised. In particular, the setting of environmental objectives for the proponent 
to meet has been previously discussed as a feature of EIA practice in Western Australia under this Act. 
 
The environmental monitoring records displayed a considerably different distribution with respect to the three 
EIA timing categories (Table 10.13). The records in the pre-decision category ranged from 10-45%. These all 
represented definitive statements addressing particular parameters to be monitored in particular ways specified 
in  the  pre-decision  EIA  documents.  In  other  words,  the  details  of  these  monitoring  activities  were  fully 
established at this time. 
 
                 
  Origin of Monitoring  CP  HD  BB  NG  SO  SA   
                 
  Pre-Decision  10  45  11  41  19  10   
  Transitional  76  45  33  47  25  38   
  Post-Decision  14  10  56  12  56  52   
                 
  Total  100  100  100  100  100  100   
                 
Table  10.13  Origin  of  Environmental  Monitoring  Activities  for  All  Projects  With  Respect  to  the  Principal 
Decision Point. 
 
Greater emphasis was placed on transitional monitoring activities which ranged from 25-76% of the individual 
case  study  records.  These  related  to  proponent  commitments  or  EPA  recommendations  for  particular 
environmental  parameters  to  be  investigated  by  means  of  an  EMP  approach  or  similar.  In  these  cases,  the 
particular  monitoring  technique  to  be  used  was  not  specified  in  the  pre-decision  EIA  documents.  In  other 
words, these were more akin to the establishment of monitoring objectives which were subsequently addressed 
in the post-decision stages of the EIA process for each case study. 
 
Many new monitoring programmes were developed in the initial EMP documents prepared during the post-
decision stage of projects, but prior to project implementation (i.e. developed as final project design details 
became  available).  The  requirement  for  an  EMP  to  be  prepared,  therefore,  appears  to  have  provided  the 
opportunity for proponents to further focus monitoring effort on particular issues. These monitoring activities 
were classified in the post-decision stage of EIA which ranged from 10-56% for the six case studies. Apart from 
those established in EMP documents, these were also frequently new programmes developed in response to 
either  actual  observed  impacts  or  otherwise  in  response  to  increased  knowledge  of  the  project  and  local 
environmental  characteristics  (eg.  modifications  to  the  marine  monitoring  programmes  for  the  Cape  Peron 
Ocean Outfall and Saladin Oilfield projects).  
 
Overall,  compared  to  the  equivalent  results  for  environmental  management  activities,  the  emphasis  of 
monitoring records has been on the transitional and post-decision stages of the EIA process. This means that 
more monitoring tends to occur in practice than originally specified in pre-decision EIA documents. A similar 
finding was reported by Glasson (1994) who found that EISs tend to understate rather than to overstate the 
actual amount of monitoring carried out. He speculated that the reason for this could be that the additional 
monitoring is making up for some of the limitations of the EIA, is responding to conditions and/or agreements 
resulting from the decision-making process, or is a response to new regulations. The results of this research 
have  generally  supported  the  first  two  of  these  reasons.  An  additional  explanation  for  the  relatively  high 
number of transitional and post-decision monitoring activities recorded for the six case studies may relate to the 
ongoing nature of monitoring and its main purpose of providing feedback on the environmental consequences 
of projects. Because of this, the development and evolution of monitoring activities during the post-decision 
stage of projects could be expected. Furthermore, it is perhaps unreasonable to expect proponents to invest 
considerable time and financial resources in monitoring activities until they have been granted permission to 
proceed with their projects by environmental decision-makers. Making use of a transitional approach here, 
enables  the  requirement  for  environmental  monitoring  to  be  established  during  EIA  decision-making,  and 
hence fulfil environmental protection and management expectations of the process, without any unnecessary 
expenditure on behalf of the proponent until approval to commence is granted. However, if this approach to 
environmental  monitoring  in  EIA  was  widely  adopted,  it  would  significantly  reduce  the  opportunities  for   177 
baseline monitoring to be undertaken prior to project implementation. Hence the opportunities to engage in 
BACI monitoring would be reduced. 
 
The next section explores the mechanisms by which the EIA process influenced environmental management 
outcomes for the six case studies. 
 
 
10.3.3  HOW DID THE ENVIRONMENTAL MANAGEMENT ACTIVITIES COME ABOUT? 
 
The explanation for the origin or source of environmental management activities is important to consider if we 
are to understand how EIA achieves its environmental protection and management objectives. However, this 
was found to be relatively difficult to determine in practice as the information necessary to determine this is not 
always documented and the project participants interviewed were not always sure of this themselves. Hence, 
this discussion does not attempt to be fully comprehensive in accounting for the mechanisms influencing all 
environmental management activities for the six case studies. In the following discussion, the effect of external 
pressures, internal reforms and rational processes are addressed in turn. 
 
 
10.3.3.1  EXTERNAL REFORMS 
 
A number of external influences resulting from the EIA process are evident for the six case studies. These are 
consistent  with  many  of  the  external  pressures  identified  from  previous  EIA  studies.  These  include  the 
evaluative control mechanisms discussed by Ortolano (1993), review of projects during the public consultation 
process by government agencies (Andrews 1976) as well as the public (Taylor 1984) and simply the fear of 
negative publicity (Culhane et al. 1987). An additional external influence that has been encountered for many of 
the six case studies has been the application of other legislation and administrative procedures to particular 
aspects  of  the  projects.  Detailed  examples  of  all  of  these  external  influences  have  been  provided  in  the 
individual discussion of the six case studies. In summary these include: 
  requirement for an OSCP and prescribed acceptable emissions of oil in water for the Saladin Oilfield project; 
  design of sodium cyanide transportation tankers in compliance with ISO standards for the Sodium Cyanide 
plant; 
  application of established water quality criteria to the Cape Peron Ocean Outfall; 
  compliance with the requirements of the Aboriginal Heritage Act 1972 for the Harding River Dam project. 
  shut-down of the Narngulu Synthetic Rutile Plant by the EPA/Minister for the Environment for failing to 
comply with odour emission requirements. This is an example of evaluative control coupled with public 
pressure (eg. negative publicity in the media); 
  government department review of transportation options for the initial Sodium Cyanide PER document 
which led to the EPA/Minister for the Environment refusing the project on these grounds; 
  influence of a public submission on the Big Brook Dam PER document which resulted in the proponent 
providing extra information on the project including a commitment to undertake monitoring of migratory 
aquatic fauna (which was subsequently reiterated by an EPA recommendation); 
  changes to operating procedures when the incinerator for the Sodium Cyanide Plant is not working in order 
to minimise odour emissions (this was stimulated by complaints from workers in surrounding industries); 
  initiation of night time start-ups at the Sodium Cyanide Plant (stimulated by complaints and the fear of 
negative publicity); and 
  implementation  of  a  public  consultation  process  prior  to  EIA  of  the  Harding  River  Dam  and  Sodium 
Cyanide Plant projects (this pro-active approach was probably motivated by the fear of negative publicity 
which might otherwise have occurred during project assessment). 
 
The emphasis on the Sodium Cyanide Plant in these examples may be a reflection of the relatively controversial 
nature of the project (i.e. the element of risk to human safety). This project is also highly prominent given its 
proximity to urban areas and by implication as one of numerous developments within the Kwinana Industrial 
Area. Hence it could be expected that external pressures (particularly in relation to action taken by the public) 
would be greater for this project than some of the more remote case studies examined in this research. 
 
There  were,  however,  no  examples  of  legal  action  being  taken  by  members  of  the  public  as  has  been  the 
experience in the United States (eg. Andrews 1976, Wichelman 1976, Culhane et al. 1987, Ortolano 1993). These 
researchers suggested that the recourse to legal actions was one of the most influential external pressures on 
EIA reforms. In the absence of legal action for any of the six case studies investigated in this research, it is not 
possible to verify this finding in relation to EIA practice in Western Australia. 
 
 
10.3.3.2  INTERNAL REFORMS: 
 
It was possible to identify a number of internal reforms for most of the case studies. This information was not 
always made publicly available in published EIA documents. With respect to the interviews undertaken with 
representatives  of  the  proponents  for  each  of  the  six  case  studies,  there  was  a  tendency  for  the  people   178 
interviewed to present their projects in as positive manner as possible. Hence, they were likely to credit either 
themselves or their organisations on positive environmental outcomes and imply that this was the result of 
their own initiative (i.e. disregard external or other influences on their operations). Despite this potential for 
bias,  there  is  evidence  to  suggest  that  significant  internal  reforms  have  occurred  which  have  influenced 
environmental management of the case studies. Examples of these have been presented in the previous six 
chapters. Most internal reforms were found to be related to Ortolano's (1993) notion of professional control. 
These will not be reiterated here. In brief, though, some examples of internal reforms include the following: 
  the proponent's commitment to the ISRS auditing programme for the Sodium Cyanide Plant which resulted 
in the plant being classified as Advanced Level. It is interesting to note that this was the only case study for 
which  all  impact  predictions  could  be  verified  and  the  implementation  status  of  all  environmental 
management actions could be determined; 
  voluntary support of relevant academic research programmes for the Big Brook Dam project plus other 
dams operated by the proponent in the south-west of Western Australia; 
  development  and  endorsement  of  internal  policies  regarding  the  nature  of  effluent  to  be  accepted  for 
treatment plus the quality of wastewater treatment processes and standards utilised for the Cape Peron 
Ocean Outfall project; 
  recruitment of specialist environmental staff responsible for seeking ways in which to improve the ongoing 
environmental performance of the Narngulu Synthetic Rutile plant and Saladin Oilfield project. 
 
Overall, it could be argued that the EIA process in Western Australia specifically promotes the occurrence of 
internal reform in proponents. One way of achieving this is through the setting of environmental objectives 
which the proponent is required to meet but is not directed in how to do so. Consequently, the proponent is 
encouraged to actively engage in modifying and managing their projects as necessary in order to comply with 
the  objective.  This  process  should  result  in  internal  reforms  in  a  similar  manner  as  those  described  by 
Wichelman (1976). In a recent series of publications on the EIA process in Western Australia, the EPA makes 
clear that the responsibility for environmental management lies with proponents and establishes a position that 
is  conducive  for  internal  reform.  One  of  the  objectives  of  the  EIA  process  is  stated  to  be  "to  ensure  that 
proponents  take  primary  responsibility  for  protection  of  the  environment  relating  to  their  proposals"  (EPA 
1993b, p7). In another publication, the EPA state that throughout the EIA process, the EPA will advise and help 
proponents to improve or modify their proposals so the environment will be protected, but that proponents 
retain the right to design and manage their projects (EPA 1993a, p6). Finally, in a publication aimed specifically 
at proponents, the EPA advocate the formulation of commitments by proponents in order to indicate to the 
public and the EPA that the proponent understands the environmental issues associated with their proposal 
and  can  confidently  manage  the  proposal  responsibly.  They  state  that  "in  committing  themselves  to 
environmental management measures, proponents show their environmental bona fides and provide evidence 
of industry self-regulation" (EPA 1993c, p11). These examples demonstrate that the EIA process in Western 
Australia is intended to be largely proponent driven and is strongly supportive of internal reform to proposals 
and  environmental  management  activities.  In  short,  the  Western  Australian  EIA  process  would  appear  to 
directly contribute to the internal reform of proponents.  
 
In examining the potential influence of internal reform on environmental management activities for the six case 
studies, consideration was given to the relative experience of the individual proponents in undertaking EIA. 
Other  researchers  (eg.  Lee  and  Colley  1990)  have  noted  a  correlation  between  the  experience  of  EIA 
professionals and the quality of their EIA documents. In this research, it was found that all proponents had 
additional experience with other projects that had been subjected to EIA. Furthermore, the consultants engaged 
by  these  proponents  to  prepare  the  EIS  documents  in  each  case  were  also  highly  experienced  with  EIA 
procedures. While differences in style were evident for the six case study EIS documents, there was no evidence 
of  significant  variations  in  quality.  However,  one  interesting  pattern  relating  to  proponent  experience  was 
noted for all six case studies. Independent consultants were engaged to prepare the EIS documents in all cases 
and sometimes also the EMP documents and initial annual reports. However, subsequent monitoring reports 
were all prepared by the proponents themselves. For the two industrial plants, monitoring reports were not 
sighted,  however,  it  was  clear  from  the  interviews  conducted  for  these  case  studies  that  the  proponents 
undertake their own monitoring programmes. This finding suggests that as proponents have gained experience 
in the operation and management of their projects, and in many cases have expanded the number of specialist 
environmental  staff  employed,  they  have  taken  direct  responsibility  for  environmental  management, 
monitoring and reporting activities rather than engage the services of consultants. Hence, it would appear that 
internal reform has occurred in this way. 
 
 
10.3.3.3  RATIONAL REFORMS 
 
As with the internal reforms, evidence of rational reform is less likely to be specifically documented compared 
to the influence of external pressures on EIA activities. Instead it requires a certain amount of judgement based 
upon the available information. Evidence of rational reform can be considered in two ways; based upon the 
nature of individual EIA undertakings and more generally on the nature of EIA processes. These are discussed 
in turn. 
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The rational basis of the individual EIA predictions (eg. the level of quantification and precision of impact 
predictions) has been discussed previously in Section 10.2.2. There was no evidence to suggest that impact 
predictions  aligned  with  rational  ideals  for  EIA  predictions  were  any  more  likely  to  have  environmental 
management actions associated with them or prove to be more accurate than other less ideal predictions. Hence, 
the scientific nature of EIA predictions did not have any influence on project outcomes. 
 
With respect to the nature of EIA processes, there was some evidence of rational influences. For three of the case 
studies, it was found that predictions addressing important issues were more likely to have a corresponding 
management action than the others (i.e. the EIA process focussed environmental management onto issues of 
concern). This result suggests that a rational process was achieved, although it does not in itself provide any 
information on the actual environmental outcomes for the predicted impacts. 
 
Specific examples of rational processes were evident for each of the case studies, as discussed individually in 
the previous chapters. In brief, some examples of these include: 
  the technical nature of marine monitoring for the Cape Peron Ocean Outfall including analysis of the results 
obtained,  which  resulted  in  ongoing  refinements  and  amendments  to  the  monitoring  programme  in 
response to increased knowledge; 
  the alternative selection process utilised for the Harding River Dam project; 
  changes to the calculation of risk for the Sodium Cyanide Plant which resulted in environmental approval 
for a significantly expanded operation; 
  changes  to  the  disposal  of  produced  waters  for  the  Saladin  Oilfield  development  in  response  to  the 
uncertainty surrounding potential impacts on the marine environment relating to offshore disposal; 
  ongoing modification and evolution of environmental management of lamprey migration for the Big Brook 
Dam project in response to monitoring findings; and 
  learning from experience evident between Stage 1 and Stage 2 of the Narngulu Synthetic Rutile plant. The 
Stage  2  impact  predictions  were  more  focussed  on  significant  issues,  had  environmental  management 
actions associated with them and these actions were all identified in the pre-decision EIA documentation. 
 
These are all examples of the implementation of changes to projects that have been initiated by proponents in 
response  to  improvements  in  knowledge  on  either  project  or  environmental  management  outcomes.  The 
acquisition of greater knowledge or understanding on the relationship between projects and the environment, 
enabled  informed  decisions  to  be  made  and  appropriate  management  responses  initiated.  Hence  rational 
reforms can be said to have occurred. 
 
 
10.4  CONCLUSIONS AND RECOMMENDATIONS 
 
The purpose of this section is to present the conclusions of the research and make some recommendations for 
the future practice of EIA both locally and internationally. A summary of the overall research is provided. This 
is followed by some recommendations for future EIA practice in Western Australia. The application of the 
findings  of  the  research  to  EIA  practices  worldwide  is  then  discussed.  The  final  discussion  proposes  some 
opportunities for relevant future EIA research. 
 
 
10.4.1  OVERVIEW OF THE RESEARCH 
 
EIA is a tool aimed at protecting and managing the environment in order to avoid or minimise the occurrence 
of adverse impacts associated with development proposals. There are several important steps in EIA including 
the prediction of potential impacts on the environment resulting from development, proposal of management 
activities  to  address  these,  public  consultation  and  decision-making.  These  steps  are  followed  by  project 
implementation which should be accompanied by environmental monitoring and management programmes.  
 
EIA has been utilised as a project management tool by Federal agencies in the United States for nearly 30 years 
and  has  been  adopted  widely  in  many  other  countries  and  jurisdictions  in  this  period.  The  international 
literature on EIA is extensive. The literature examined in this research is that which has sought to understand 
the mechanisms and outcomes of EIA. Much of this literature has focussed on the utility of EIA as a planning 
and decision-making tool. Three mechanisms or influences that determine how EIA works in practice can be 
identified in this literature based upon rational processes, external pressures and internal reforms. 
 
Rational  processes  refer  to  the  use  of  formal  scientific  methods  and/or  a  rigorous  and  consistent 
methodological approach to EIA. This may include the manner in which impact predictions are formulated and 
the way in which information is used to make decisions and devise environmental management strategies. 
External  pressures  may  arise  from  legal  action,  review  of  EIS  documents  by  government  agencies  and  the 
public, and simply from the fear of negative publicity. Internal reform refers to the changes in operating policies 
and  procedures  of  organisations  in  response  to  EIA  requirements  resulting  from  industry  standards, 
professional controls and increased experience with undertaking EIA.   180 
 
Much of the literature examining the outcomes of EIA has explicitly or implicitly sought to determine how the 
process was influenced by these three factors. Most attention has been focussed on rational processes and in 
particular  the  scientific  basis  and  accuracy  of  impact  predictions.  Little  evidence  of  rational  reform  was 
recorded in these studies. Evidence of external and internal reforms were more easily identified in the limited 
number of studies of these influences on EIA. 
 
Most empirical studies of EIA have focussed on its planning and decision-making role. Even where project 
outcomes have been examined in order to verify impact predictions, the purpose of this research has largely 
been  to  provide  feedback  for  future  prediction  formulation  and  project  decision-making  purposes.  Lesser 
attention has been paid to the post-decision stages of EIA and the utility of the process as a tool for ongoing 
environmental management. 
 
The research reported on here has focussed on the relationship between EIA and environmental management. 
Three fundamental research questions were posited to explore this relationship. The first concerned whether or 
not EIA actually influences the environmental management performance of development projects. Assuming 
that  a  relationship  does  exist,  the  second  question  relates  to  the  timing  of  when  the  influence  of  EIA  on 
environmental management activities is realised. A theoretical EIA/environmental management model was 
devised to differentiate between the influence of the pre-decision stage involving planning and decision-making 
activities,  post-decision  stage  activities  that  occur  only  when  projects  are  actually  implemented  and  a 
transitional stage which spans both of the pre-decision and post-decision stages. The third question relates to 
our  understanding  of  how  and  why  environmental  management  came  about.  The  influence  of  rational 
processes, external pressures and internal reforms can be identified here. 
 
A methodology for testing the EIA/environmental management relationship based on a number of case studies 
was  described  in  detail.  This  included  the  rationale  behind  the  case  study  selection  process  utilised.  The 
methodology is based around a computerised database accompanied by a documented account of each case 
study. The database contains four files which focus upon discrete components of the EIA process. The four files, 
which  enable  data  to  be  collected  and  analysed  in  an  orderly  and  standardised  format,  address  impact 
predictions,  observed  impacts,  environmental  management  activities  and  environmental  monitoring 
programmes. 
 
Individual  impact  predictions  were  identified  for  each  project.  Characteristics  relating  to  their  nature  and 
whether  or  not  they  had  an  associated  environmental  management  action  related  to  them  were  recorded. 
Predictions that were associated with the occurrence of an actual environmental impact were distinguished 
from  those  that  were  not.  For  the  predictions  where  no  impact  was  recorded,  further  examination  was 
undertaken  to  determine  whether  this  was  the  result  of  good  project  or  environmental  management,  an 
inaccurate predictive technique or some other reason. Comparison of the final environmental quality achieved 
by a project with the predicted results provided one measure of the effectiveness of the EIA at protecting the 
environment. In this context, it is important to understand how impacts that were predicted to occur were 
avoided in practice. 
 
The observed impacts associated with each case study were recorded in another database file. The relationship 
between  the  occurrence  of  actual  impacts  and  the  content  of  impact  predictions  was  explored  to  enable 
predictive  success  to  be  determined  in  terms  of  impact  outcomes.  New  or  unexpected  impacts  were 
differentiated from those considered in impact predictions in some way. The management response to actual 
impacts was also recorded. 
 
A  separate  database  file  was  used  to  record  all  environmental  management  activities  proposed  and/or 
undertaken for each case study. The origin of these activities was examined with respect to the three stages of 
EIA  identified  in  the  EIA/environmental  management  model.  This  distinguishes  between  individual 
management commitments made by proponents and conditions of approval set by decision-makers which were 
established in the pre-decision stage of EIA and new environmental management actions originating in the 
post-decision stage of projects. The implementation status of those management actions proposed in the pre-
decision stage of EIA was recorded plus the nature of management actions with respect to potential impacts. 
The relationship between impact prediction and the implementation of environmental management actions was 
also examined. 
 
Examination of environmental monitoring results was necessary in order to identify environmental impacts for 
each of the case studies. Details of individual monitoring programmes such as their origin with respect to the 
three  stages  of  the  EIA/environmental  management  model  and  implementation  status  were  recorded  in  a 
database  file.  The  scientific  rigour  of  environmental  monitoring  programmes  and  the  relationship  with 
environmental management activities was also examined. 
 
The information required to address the four database files was gained from EIA documents and interviews 
with  key  players  in  the  process  for  each  case  study.  The  documents  examined  included  EIS  reports,  EPA 
assessment reports, EMP documents and environmental monitoring reports. The information recorded in the 
database effectively summarises these documents plus other details gleaned from interviews. The database can   181 
be used to provide a useful account of the status and outcomes of each case study project examined in terms of 
the specific EIA process experienced by that project. 
 
A detailed written account of each case study and the database results obtained was provided in chronological 
order.  This  commenced  with  a  description  of  the  nature  and  location  of  each  case  study,  and  the  specific 
sequence of events that occurred during EIA including identification of the significant environmental issues. 
Following analysis of the database results, one or more issues of particular concern for each case study was 
discussed in detail. All of the information obtained for each case study was then analysed in the context of the 
EIA/environmental management relationship. 
 
Important  patterns  in  the  overall  data  obtained  from  individual  case  study  analysis  were  then  considered 
collectively. The patterns included major similarities and differences between the projects and explanations for 
these findings were sought. This analysis had at its heart the evaluation of the EIA/environmental management 
relationship.  Overall  there  was  plenty  of  evidence  to  suggest  that  EIA  has  influenced  environmental 
management  for  the  six  case  studies  examined.  In  further  exploring  the  nature  of  this  relationship,  some 
important findings were made as follows. 
 
Environmental management and monitoring activities were found to be skewed in favour of a focus on the 
physical component of the environment despite an approximately equal proportion of actual impacts falling 
into each of the physical, biological and social components of the environment. For the two industrial projects, 
biological issues were not considered at all. 
 
EIA management activities were successful in avoiding the occurrence of a considerable number of predicted 
impacts. It was found that the rational basis of impact predictions had no bearing on actual outcomes for these. 
However,  environmental  management  activities  were  more  likely  to  be  proposed  in  relation  to  impact 
predictions concerning significant impacts for three of the case studies. 
 
The  implementation  of  proposed  management  actions  was  very  high  and  occurred  irrespective  of  who 
proposed the actions or their legal basis. An environmental management response was implemented for many 
observed impacts even if they were inaccurately predicted or were unexpected. 
 
The overall scientific rigour of environmental monitoring programmes was found to be low. However, a strong 
link was found to exist between environmental monitoring and management actions, suggesting that these 
activities are conducted in tandem. 
 
It was found that most environmental management activities originated from the pre-decision stage of EIA. 
Hence the notion of EIA as a decision-making tool would appear to be well founded. However, an important 
ongoing environmental management role of EIA beyond the principal decision-making point was identified. 
This involved the initiation of new and modified management and monitoring activities. The establishment of 
environmental  objectives  during  the  pre-decision  stages  of  projects  was  found  to  be  useful  in  generating 
transitional stage action. This means that the information was recorded in pre-decision documentation but had 
an adaptive and ongoing role during the post-decision stage of projects. 
 
External  pressures  were  found  to  influence  environmental  management  outcomes  for  all  of  the  projects 
examined. These were particularly related to the public review of EIS documents and the apparent fear of 
adverse publicity. Internal reforms were less obvious but were apparent nevertheless and related mostly to 
industry and professional standards and influences. There was evidence of rational processes which influenced 
ongoing  project  management  in  particular  instances.  These  related  to  changes  to  project  operations  or 
management apparently made in response to the available scientific information resulting from environmental 
monitoring programmes. 
 
All  identified  issues  of  significance  have  been  managed  to  some  extent.  In  doing  so,  unacceptable 
environmental impacts have either been avoided outright or where they have occurred in practice, have been 
remedied to make them acceptable. Other aspects of projects with the potential to cause unacceptable impacts 
have been subject to ongoing management and monitoring with the intention that should any unacceptable 
impact occur, these will subsequently be responded to. Thus, it would appear that the EIA process established 
an ongoing, adaptive environmental management regime for the six case studies.  
 
 
10.4.2  RECOMMENDATIONS FOR FUTURE EIA PRACTICE IN WESTERN AUSTRALIA 
 
This  research  has  identified  a  number  of  strengths  and  weaknesses  of  current  EIA  practices  in  Western 
Australia. In response to these, the following recommendations are made: 
  a number of impact predictions were not able to be verified due to deficiencies in environmental monitoring 
programmes.  A  requirement  for  more  monitoring  is  clearly  desirable  if  all  of  the  environmental 
consequences of projects are to be understood;   182 
  the scientific rigour of monitoring programmes is poor. This could be improved by greater emphasis on 
baseline  monitoring  and  use  of  environmental  objectives  to  guide  monitoring  activities  rather  than 
prescribed emission standards; 
  monitoring  programmes  are  skewed  to  the  physical  component  of  the  environment.  A  greater  focus  of 
environmental monitoring programmes on biological and social factors is warranted; 
  the apparent emphasis of management focus upon important issues represents a maturity in the EIA process 
in Western Australia. This trend should be further encouraged in the future; 
  the strong connection between environmental management and monitoring activities should be maintained 
and further promoted; 
  continued emphasis on environmental management performance should be encouraged to further allow 
project managers to respond to environmental issues irrespective of predictive accuracy; and 
  the planning stages were successful in identifying the vast majority of environmental management actions 
required.  However,  the  benefit  of  adaptive  and  ongoing  environmental  management  activities  has  been 
demonstrated.  Hence,  there  should  be  an  ongoing  emphasis  on  environmental  management  during  all 
aspects of EIA from project conception to operation. 
 
 
10.4.3  APPLICATION TO EIA PRACTICES WORLDWIDE 
 
Many, if not all, of the recommendations for improving EIA practices in Western Australia may be equally valid 
to other jurisdictions around the world in which EIA is undertaken. However, a number of additional factors 
arising from the research are also relevant here as follows: 
  establishing  a  clear  expectation  for  follow-up  by  proponents  may  be  sufficient  to  result  in  ongoing 
environmental management activities without the need for specific legal powers of enforcement; 
  the onus of responsibility for management and monitoring undertakings should lie with the proponent, 
subject to regular review by EIA decision-makers (and the public where appropriate); 
  ongoing  and  adaptive  management  and  monitoring  can  be  encouraged  by  establishing  environmental 
objectives for proponents to meet rather than prescriptive requirements; 
  a  flexible  approach  to  EIA  is  needed  (e.g.  the  use  of  EMPs)  to  enable  and  actively  encourage  ongoing 
refinements and improvements to management and monitoring programmes; 
  important issues should be clearly identified during the pre-decision stages of EIA so that they become the 
target of the greatest environmental management and monitoring effort; 
  issue  identification  during  EIA  may  be  more  important  than  rigorous  impact  prediction  (i.e.  to  alert 
managers to issues requiring environmental management attention); 
  a high level of scientific rigour in impact prediction may not result in more or improved environmental 
management. Providing a greater emphasis on baseline monitoring and technical studies during the pre-
decision stages of EIA would be more useful for project managers than quantified predictions; 
  the involvement of the public in the EIA process can influence environmental management outcomes. It is 
therefore important to be receptive to external assistance in EIA and be responsive to significant pressures 
that may arise; and 
  the  establishment  of  environmental  management  objectives  and  onus  of  management  responsibility  on 
proponents should enhance the opportunity for internal reform to occur. 
 
Having offered some suggestions for how the findings of the research may be relevant to the future practice of 
EIA both within Western Australia and in other jurisdictions, the final discussion considers opportunities for 
relevant future EIA research. 
 
 
10.4.4  FUTURE RESEARCH OPPORTUNITIES 
 
This  research  has  identified  some  interesting  characteristics  of  the  relationship  between  EIA  in  Western 
Australia and environmental management of the six case studies examined. While detailed attention was given 
to understanding what the influence of EIA on the case studies has been and when this influence was initiated, 
lesser consideration was given to exploring exactly how environmental management activities came about in 
practice. Despite an apparent tendency for the EIA process in Western Australia to encourage internal reform in 
proponents through the establishment of environmental objectives rather than prescribed standards, evidence 
of internal reform was least obvious to explicitly identify. Opportunity clearly exists for further research of 
internal reform influences in Western Australia. It would be particularly valuable to further test the apparent 
increase in transitional management activities (i.e. those based on environmental objectives) over time between 
projects assessed under the 1971 and 1986 EIA legislation. 
 
While this research has focused on environmental management activities, no attempt has been made to evaluate 
the overall effectiveness of EIA in terms of the environmental management activities recorded for the case 
studies. In other words, to evaluate the extent to which environmental management activities established by the 
EIA  process  actually  protected  the  environment.  There  is  scope  for  future  research  specifically  aimed  at 
evaluating EIA in this way.   183 
 
Finally, this research identified a number of deficiencies in environmental monitoring programmes for the six 
case studies. Despite appearing to be scientifically rigorous, some programmes have not been able to determine 
whether or not potential environmental impacts have occurred. It would be appropriate for future research to 
examine the utility of environmental monitoring programmes undertaken as part of the EIA process in greater 
depth. 
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APPENDIX 1  EIA IN WESTERN AUSTRALIA 
 
The responsibility for administering EIA in Western Australia (WA) lies with the Environmental Protection Authority 
(EPA), an independent body originally established under the Environmental Protection Act 1971 (WA) and continued 
under the Environmental Protection Act 1986 (WA). The EPA is serviced by staff who comprise the Department of 
Environmental Protection.  
 
The objective of the EPA is established by section 15 of the Environmental Protection Act 1986 which states that: 
It is the objective of the Authority to use its best endeavours- 
(a)  to protect the environment; and 
(b) to prevent, control and abate pollution. 
 
The Environmental Protection Act 1986 establishes three mechanisms for achieving these objectives: 
  environmental protection policies; 
  environmental impact assessment; and 
  pollution control provisions. 
 
Only the provisions for EIA will be discussed here although two points should be noted with respect to the interaction 
of these three mechanisms. Firstly, the existence of an environmental protection policy for a particular area or activity 
may  influence  a  related  EIA  in  that  it  may  establish  limitations  or  expectations  of  the  process  and  the  proposed 
development. Secondly, projects that have been subjected to EIA and which seek to emit pollution discharges into the 
environment are subsequently licensed under the relevant pollution control provisions. 
 
The administrative procedures for the Environmental Protection Act 1986 specify the following objectives of EIA as 
practised in WA (EPA 1993b): 
 
(a)  to facilitate environmentally sound proposals by minimising adverse impacts and maximising benefits to 
the environment; 
(b)  to  ensure  that  decisions  are  taken  by  the  Government  following  timely,  sound  and  independent 
environmental advice; 
(c)    to encourage and provide opportunities for public participation in environmental aspects of proposals 
before decision are taken; 
(d)  to  ensure  that  proponents  of  proposals  take  primary  responsibility  for  protection  of  the  environment 
relating to their proposals; 
(e)  to provide a basis for ongoing environmental management including changes in response to monitoring; 
and 
(f)  to promote awareness and education in environmental values. 
 
Objectives (a), (d) and (e) are of particular relevance to this research as it seeks to understand the relationship that exists 
between EIA and environmental protection and management.  
 
The initiation of the EIA process is through referral to the EPA of any proposal which, if implemented, would be likely 
to have a significant effect on the environment. A proposal may be referred to the EPA for assessment by the proponent 
or by a member of the public. The Minister for the Environment may refer a proposal to the EPA if there is public 
concern about the likely effect of that proposal on the environment (Environmental Protection Act 1986 S.38.(2)). In 
addition,  decision-making  authorities  involved  with  a  proposal  must  refer  it  to  the  EPA  if  it  appears  likely,  if 
implemented, to have a significant effect on the environment. Finally, if a proposal comes to the notice of the EPA but 
has  not  been  formally  referred,  then  the  EPA  must  require  either  the  relevant  decision-making  authority  or  the 
proponent to refer the proposal; again only if it appears likely to have a significant effect on the environment. 
 
It is the responsibility of the EPA to determine whether proposals require assessment and to determine the level of 
assessment  required,  although  the  Minister  for  the  Environment  may  also  direct  the  EPA  in  this  regard.  Several 
assessment options are available (EPA 1993a): 
1.  Not  to  assess  the  proposal.  This  occurs  when  the  EPA  considers  that  the  proposal  would  have  no 
significant effect on the environment; 
2.  To assess the proposal, but not formally; and 
3.  To formally assess the proposal. 
 
Option 1 is not further considered here. Informal environmental assessment (Option 2) is utilised where the EPA is 
confident that the environmental impact can be adequately managed or the EPA considers the potential impacts of a 
proposal to be insufficiently significant to warrant more detailed assessment. In such cases, which in 1993 accounted 
for more than 65% of the projects referred to the EPA (EPA 1993a), the EPA may give advice to developers and 
Government agencies on ways to mitigate potential environmental impacts. EPA advice to Government agencies may Appendices p2 
recommend that the agencies attach environmental conditions to proposals themselves when they issue approvals to 
proceed. Any advice given during informal assessments is made publicly available although any public involvement in 
the actual decision-making process is dependent upon the processes of the other Government agencies concerned. 
 
For  projects  that  are  formally  assessed  (Option  3),  the  scope  of  assessment  is  largely  dependent  upon  the  EPA’s 
interpretation of environmental significance. Currently there are three levels of formal environmental assessment in WA 
(EPA 1993a 1993b): 
1  Consultative  Environmental  Review  (CER).  This  level  of  assessment  is  reserved  for  proposals  with 
relatively  easily  managed  environmental  impacts  and  where  public  interest  is  restricted  to  the  local 
community  and/or  special  interest  groups.  The  EPA  advises  the  proponent  of  the  key  issues  to  be 
examined and encourages production of a CER document that can be easily understood by the general 
public. A CER is made available for public review for four weeks. 
 
2  Public Environmental Review (PER). A PER level of assessment is used for proposals with either major 
public interest or potential for significant environmental impacts on of at least regional interest. In these 
cases, the EPA issues a detailed, project-specific list of the key issues which should be examined by the 
proponent in its PER document. A PER is subject to an eight week public review period. 
 
3  Environmental Review and Management Programme (ERMP). The ERMP is the most comprehensive and 
detailed  level  of  assessment  in  Western  Australia  and  is  mainly  used  for  major  projects  which  have 
strategic environmental implications and are of state-wide interest. Proposals of this type have a need for 
detailed  evaluation,  extensive  public  review,  and  a  comprehensive  environmental  management 
programme.  In  determining  the  issues  to  be  examined,  the  EPA  will  consult  those  most  likely  to  be 
affected  by,  or  have  an  interest  in,  the  development  and  will  provide  a  list  of  key  issues  which  the 
proponent must examine in detail in compiling a comprehensive environmental review document. An 
ERMP document is subject to a ten week public review period. 
 
As indicated previously, the EPA issues guidelines to proponents for the preparation of their EIA document. In recent 
years,  the  EPA  has  required  proponents  to  reproduce  these  guidelines  in  the  document  itself  (EPA  1993c).  The 
guidelines are specific to the level of assessment but as a minimum require the resulting CER, PER or ERMP to contain 
the following (EPA 1993b): 
  description of the proposal and its objectives; 
  description of the existing receiving environment; 
  alternatives  to  the  proposal  and  their  associated  potential  impacts,  including  the  "no  development" 
option; 
  environmental impact predictions (in terms of their nature, magnitude, extent, duration, reversibility, 
uncertainty and significance) and their consequences; 
  management programme or commitments to manage and minimise the impacts of the proposal; and 
  commitments to undertake monitoring of impacts if necessary. 
 
Once the proponent has prepared the EIA document it is submitted to the EPA, who then decides whether it is of a 
quality suitable for assessment and public review. If the EPA finds the document unsatisfactory it has the authority to 
direct the proponent to resubmit. Public review tends to be mainly through written submissions on the EIA document 
although public input may also be achieved through public meetings or by invitation to speak directly with the EPA. 
Submissions from Government agencies in response to the proposal are also sought during the public review period 
(Bailey and Finucane 1988). 
 
At the end of this period, the proponent is required to respond to Government agency comments and a summary of 
public  submissions  forwarded  to  it  by  the  EPA.  The  EPA  then  begins  its  assessment  of  the  proposal.  The  EPA 
essentially has three options available to them: 
  to approve the project as outlined in the EIA document; 
  to approve the project subject to certain environmental conditions being met; or 
  to reject the project outright in its current form. 
 
Upon completion of its assessment the EPA submits a report and recommendations to the Minister for the Environment. 
This report may present additional information on the proposal including impact predictions as part of the discussion of 
the significant environmental issues the proposal raises. The report also includes the EPA recommendations concerning 
project approval which may include suggestions for ongoing monitoring and management programmes. The issues 
addressed in public submissions and the proponents response, plus a list of the proponents commitments to monitor and 
manage the environment are included in the back of the EPA assessment reports. For large complex projects or those 
involving an ongoing environmental impact, there is usually a recommendation for annual monitoring reports to be 
prepared which document the impacts that have occurred and what management and monitoring has been undertaken. 
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During the decision-making stage, the Minister for the Environment consults with other decision-making authorities 
relevant to a particular project (eg. decision-making for a proposed dam project would involve the Minister for Water 
Resources) and determines whether and under what conditions the proposal may be implemented. These conditions are 
usually drawn from the EPA's report and recommendations and include the management and monitoring commitments 
made by the proponent in their EIA document. Since 1987, the Minister's conditions are legally binding under the 
Environmental Protection Act 1986 (Wood and Bailey 1994). 
 
For  particularly  large  or  complex  projects,  there  is  sometimes  a  requirement  for  the  proponent  to  prepare  an 
Environmental Management Programme (EMP) after the normal EIA process has been completed, but prior to project 
implementation. The EMP provides final information on the proposed project for cases in which complete details were 
not  available  during  the  preparation  of  the  original  EIA  document,  and  outlines  very  detailed  and  specific 
environmental  management  and  monitoring  programmes.  Preparation  of  an  EMP  is  especially  useful  for  complex 
developments that may undergo considerable design changes following the preparation of the EIA document but for 
which the environmental issues to be managed do not change significantly (Wood and Bailey 1994). As for the other 
EIA documents, an EMP is a publicly available document, although there is no requirement for a public review period 
for an EMP. The long standing use of the initial ERMP document for major or complex proposals and the use of a 
separate  EMP  document  on  occasions  is  an  illustration  of  the  recurring  emphasis  on  the  importance  of  ongoing 
environmental  management  issues  in  the  Western  Australian  EIA  process  (Department  of  Conservation  and 
Environment 1980). This is demonstrated by a statement made in one of the EPA's assessment reports as follows: 
The  environmental  assessment  process  in  Western  Australia  places  a  high  priority  on  the  management  of 
environmental  impacts  and  the  monitoring  of  both  the  management  programme  and  the  impacts  to  ensure  that 
appropriate steps are taken to ameliorate and minimise impacts. (EPA 1987, p35). 
 
It is important to note that this account of EIA practices in WA represents the present situation. The EIA process has 
continually been modified and refined over time and consequently projects at different times have been subjected to 
slightly different procedures. For example project approvals issued when the Environmental Protection Act 1971 only 
was  in  force  were  recommendations  only  with  no  legal  obligations  to  fulfil  them.  Hence  while  the  EPA  (or  its 
departmental support staff) could highlight a proponent's failure to comply an EPA recommendation, there was no 
means  of  enforcing  compliance.  Now,  under  the  terms  of  the  Environmental  Protection  Act  1986  the  conditions 
established by the Minister for the Environment are legally binding. Other changes in practices have not necessarily 
been accompanied with legislative reform. For example, the relatively recent undertaking to the include a summary of 
the  proponent's  management  and  monitoring  commitments  in  both  the  EPA  Report  and  Recommendations  and 
subsequent Ministerial conditions for projects. Once incorporated into the Ministerial statement of conditions, these 
commitments are also legally binding on proponents. These slight variations in EIA practices have some bearing on the 
examination of the case studies in terms of assumptions made and the methodological approach utilised in this research. 
 
 
REFERENCES 
 
Bailey,  J.M.  and  Finucane,  M.C.,  1988,  Current  EIA  Administrative  Procedures,  In:  Environmental  Protection 
Authority (Ed.), Environmental Impact Assessment Administrative Procedures: A Review of Current Procedures and 
Recommendations for Change, Environmental Protection Authority, Perth, Western Australia, Chapter 2. 
 
Department of Conservation and Environment, 1980, Procedures for Environmental Assessment of Proposals in 
Western Australia. Bulletin 38, Department of Conservation and Environment. 
 
Environmental  Protection  Authority  1987,  Proposed  Sodium  Cyanide  Plant,  CSBP  and  Farmers  Ltd,  Coogee 
Chemicals  Pty  Ltd,  Australian  Industry  Development  Corporation,  Report  and  Recommendations  by  the 
Environmental Protection Authority. Bulletin 274, Environmental Protection Authority, Perth, Western 
Australia. 
 
Environmental Protection Authority, 1993a, A Guide to Environmental Impact Assessment in Western Australia. 
Environmental Protection Authority, Perth, Western Australia. 
 
Environmental  Protection  Authority,  1993b,  Environmental  Protection  Act  1986  Environmental  Impact 
Assessment  Administrative  Procedures  1993.  Environmental  Protection  Authority,  Perth,  Western 
Australia. 
 
Environmental Protection Authority, 1993c, Environmental Reviews: Guidelines for Proponents. Environmental 
Protection Authority, Perth, Western Australia. 
 
Wood, C. and Bailey, J., 1994, Predominance and Independence in Environmental Impact Assessment: The 
Western Australian Model. Environmental Impact Assessment Review 14, 37-59. 
 Appendices p4 
APPENDIX 2  RECORD OF CASE STUDY INTERVIEWS 
 
The people interviewed during the data collection process for the research are listed here in chronological 
order of each case study. 
 
 
Date  Officer  Department/Organisation 
 
Cape Peron Ocean Outfall 
29-09-94  Lindsay Edmonds  Headworks & Treatment Region, Water Authority of Western 
Australia 
7-10-94, 
19-10-94 
Chris Simpson  Marine  Impacts  Branch,  Department  of  Environmental 
Protection 
14-10-94  Lindsay  Edmonds, 
Peter Addison 
Headworks & Treatment Region, Water Authority of Western 
Australia 
 
Harding River Dam 
29-11-94  Paula Deegan  Groundwater and Environment Branch, Water Authority of 
Western Australia 
29-11-94  Linda Moore  Surface Water Branch, Water Authority of Western Australia 
9-12-94  John Ruprecht  Surface Water Branch, Water Authority of Western Australia 
9-12-94  Ron Rosich  Scientific  Services  Branch,  Water  Authority  of  Western 
Australia 
11-1-95  Bob Wark  Water  Resources  Planning,  Water  Authority  of  Western 
Australia 
9-6-95  Dot  Coleman,  Phil 
Roberts 
Water Authority of Western Australia, Karratha Office 
11-6-95  Dusty Allen  Water  Authority  of  Western  Australia,  Millstream  Aquifer 
Borefield 
12-6-95  Kevin Cutmore  Water  Authority  of  Western  Australia,  Harding  River  Dam 
Ranger 
 
Big Brook Dam 
31-10-94  Jeff Kite, Luke Pen  Groundwater and Environment Branch, Water Authority of 
Western Australia 
18-11-94  Tom Doust  Pemberton Water Treatment Plant Operator, Water Authority 
of Western Australia 
18-11-94  Tony Church  Pemberton Trout Hatchery, Fisheries Department of Western 
Australia 
 
Narngulu Synthetic Rutile Plant 
28-3-95  Gavin Price  Environmental  Coordinator,  RGC  Minerals  Sands  Limited, 
Narngulu 
4-4-95  Sally Narvaze  Licensing Branch, Department of Environmental Protection 
 
Sodium Cyanide Plant 
26-4-95  Deanna Tuxford,  Pollution  Control  Division,  Department  of  Environmental 
Protection, Kwinana Office 
4-5-95  Steve Fitzpatrick  Environmental Manager, Wesfarmers CSBP Ltd 
 
Saladin Oilfield Project 
1-4-94  Doug Betts  Evaluation Division, Department of Environmental Protection 
2-5-94  Kellie Pendoley  Environmental  Officer,  West  Australian  Petroleum  Pty. 
Limited 
 
 
 